


ay 


. 


$$$ a tr 


C) 


WAR DEPARTMENT TECHNICAL MANUAL 





— en - 


NDAMENTALS 


are 
t 


RADIO 


FU 


FUNDAMENTALS 


DIO 


55 RA 


A 
=<: 











discretion 
communic 
public relations & 


PAR DEPARTMENT. #22 “MA Yo Po 2 








| 
| 
2 
| 
4 
| 
‘ 


Syn a Rada aU annlaaud NaN RUA eb ea Ra HANNA RATA ROS dN 


] 

: 

a 

= 

2 

2 

2 

| 
| 
7 
2 








WAR DEPARTMENT TECHNICAL MANUAL 
TM 11-455 


This manual supersedes TM 11-455, 17 July 1941 





RADIO 





WAR DEPARTMENT e22 MAY 1944 





RESTRICTED. DissEMINATION OF RESTRICTED MATTER.—tThe In- 
formation contained in restricted documents and the essential character- 
istics of restricted material may be given to any person known to be in 
the service of the United States and to persons of undoubted loyalty and 
discretion who are cooperating in Government work, but will not be 


communicated to the public or to the press except by authorized military 
public relations agencies. (See also par. 236, AR 380-5, 15 Mar 44.) 





United States Government Printing Office 
Washington : 1944 


TM 


WAR DEPARTMENT, 


WASHINGTON 25, D. C., 22 May 1944. 
11-455, Radio Fundamentals, is published for the information 


and guidance of all concerned. 


[A.G. 800.7 (23 Dec 43).] 


BY ORDER OF THE SECRETARY OF WAR: 


G. C. MARSHALL, 
Chief of Staff. 


OFFICIAL: 


J. A. ULIO, 
Major General, 
The Adjutant General. 


DISTRIBUTION : 
As prescribed in paragraph 9a, FM 21-6, IR 1, 2, 4, 5, 7(3); I Bn 1-8, 5-8, 11, 17-19, 


44(5); IO 1-8, 11, 17-10, 44(19). 


IR 1: T/O & E 1-112, Hq, Bomb Gps, Hv or M; 1-2528, Hq Ren Gp (Spec); 1-7528, 


Hq Photo Gps, Mapping (Spec). 


IR 2: T/O 2-11, Cav Regt, H; 2-71, Cav Regt, Mecz. 

IR 4: T/O 4-51, CA Regt (155 mm Gun) (Mbl); 4-61, CA Regt, HD, Type A. 
IR 5: T/O & E 5-5118, Engr Boat and Shore Regt. 

IR 7: T/O 7-381, Inf Pchst Regt. 


I 


be be lam HH be SH SR YS 


et eS FS 


re eS HY 


Bn I: T/O & E 1-47, Fighter Control Sq; 1-50-18, Hq & Hq Sq Fighter Comd 
(Spec); 1-67, Night Fighter Sq; 1-100-1S, Hq & Hq Sq, Bomber Comd (Spec) ; 
1-110-1, Hq & Hq Sq, Bomd Wg; 1-117, Bomb Sq, Hv; 1-127, Bomb Sq, Med; 
1-267 Tactical Ren Sq; 1-310-1, Hq & Hq Sq, Tr Carr Wg; 1-412, Hq & Hq Sq, 
Sv Gps; 1-547, Air Support Conth Sq; 1-550-1, Hq & Hq Sq, Air Def We; 1-637, 
Wea Ren Sq, M; 1-6878S, 8th Airways Sq Sp; 1-757, Photo Ren Sq; 1-758, Photo 
Mapping Sq; 1-759, Photo Charting Sq; 1-760-1, Hq & Hq Sq, Photo Wg; 1-767, 
C Mapping Sq; 1-779, Photo Tech Sq; 1-800-1S-RS, Hq & Hq Sq, AFRS; 1-800-1S-2T, 
Hq & Hq Sq, AF SP; 1-801-1, Hq & Hq Sq AF Comp Comd; 1-987, Emergency 
Rescue Sq; T/O 1-137, Bomb Sq, L. 


Bn 2: T/O & E 2-28, Cav Ren Sq; Mecz Sep Sq Sq in Armd Div. 
Bn 3: T/O & E 3-25, Cml Bn, Mtz. 

Bn 5: T/O & E 5-15, Engr C Bn. 

Bn 6: T/O 6-75, FA Obsn Bn. 

Bn 7: T/O & E 7-15, Inf Bn; 7-25, Armd Inf Bn. 

Bn 8: T/O & E 8-75, Med Bn, Armd. 


Bn 11: T/O & EF 11-15, Sig Bn; T/O 11-95 Sig Opn Bn. 

Bn 17: T/O & E 17-858, Tank Bn, Med (Spec). 

Bn 19: T/O & E 19-55, MP Bn. 

Bn 44: T/O & E 44-135, AAA LS Bn. 

C1: T/O & E 1-47, Fighter Control Sq; 1-312, Hq, Tr Carr Gp; 1-727, Radar 
Calibration Det. 

C 2: T/O 2-10-1, Hq & Hq Tr, Cav Brig (Horse); 2-79, Support Tr, Cav Regt 
Mecz; T/O & Ei 2-22, Hq & Hq Tr, Cav Gp, Mecz; 2-27, Cay Ren Tr (Mecz). 
C 3 ee & KH 3-17, Wpns Co, Cml Mtz Regt or Cml Mtz Bn, Sep; 3-267, Cml Smoke 
Gen Co. 

C 4: T/O 4-104, CA Btry, Mine Planter (Cable Ship). 

C 5: T/O & E 5-16, Hq & Hq Serv Co, Engr OC Bn; 5-87, Engr L Pon Co; 5-192, 
Hq & Hq Co, Engr C Gp; T/O 5-227, Pcht Co, A B Engr Bn; T/O & E 5-218, Co, 
Armd Engr Bn (Bridge); 5-500, Engr Serv Orgn. 

C 6: T/O & E 6-10-1, Hq & Hq Btry, Div Arty, Inf or Mtz Div & Hq & Hq Biry. 
FA Brig; 6-12, Hq & Hq Btry, Mtz FA Gp; 6-26, Hq & Hq Btry, Mtz, FA Bn 
(Trk-Dr or Tr-Dr); 6-29, Sv Btry, Mtz FA Bn, 105 mm How, Trk-D; 6-36, Hq 
& Hq Btry, Mtz FA Bn, 155 mm How or 4.5 Gun Trk-Dr or Tr-Dr; 6-39, Sv Btry, 
Mtz FA Bn, 155 mm How, or 4.5 Gun Trk-Dr. 

C7: T/O & E 7-19, Inf AT Co; T/O 7-37, Inf Rifle Co, Pcht Bn. 

C 8: T/O & EH 8-27, Med Collecting Co Sep; T/O 8-37, A/B Med (Co. 

C 11: T/O & E 11-7, Sig Co, Inf Div; 11-500, Sig Sv Orgn; 11-517S, Sig Co Spec; 
11-5378, Sig Co, Engr Sp Brig; 11-557, A/B Sig Co; 11-587, Sig Base Maint Co; 
11-592, Hq & Hq Co, Sig Base Dep; 11-597, Sig Base Dep Co; T/O 11-47, Sig Tr, 
Cav Div; 11-77, Sig Rad Int Co; 11-97, Sig Opn Co; 11-107, Sig Dep Co; 11-127, 
Sig Rep Co; 11-200-1, Hq, Sig Sv, A; 11-327; Sig Port Sv Co; 11-547, Sig Ctr Team. 
C17: T/O & E 17-22, Hq & Hq Co, Armd Gp; 17-988, Sep Tk Co, Hv. 

C 18: T/O & E 18-10-1, Hq & Hq Co, TD Gp; T/O 18-27, TD Co. 

C19: T/O & E 19-86, Hq & Hq Det, MP Bn, A. 

C 44: T/O & K 44-10-1, Hq & Hq Btry, AAA Brig; 44-12, Hq & Hq Btry, AAA Gp: 
44-117, AAA Gun Btry, SM; 44-127, AAA Auto Wprs Bn, SM; 44-136, Hq & Hq 
Btry, AAA SL Bn; 44-327, AA Bln try Btry, VLA. 


For explanation of symbols see FM 21-6. 


CALL 











itn sei 


NOHO Rahi 





b 
CONTENTS . 

Paragraphs Page 

Scotionw ZT. Tntroduetion: to-Tadio: .42¢0860c40dvespanwadeeees 1-5 i 

ii, Cireuit elements and symbols .... 0055.00 ce eee ees 6-18 oO 

PET) “PUNO Creu Gs! crea coe On. 8G. owe ote ate oo Bene he ee 19-32 33 

IVs “‘Voacuuul: (bes: <7 ¢3e.0cae mo pamenicrenwen ae ra es 33—48 do 

VY. Naecuum-tube: detectore: 2.2 e2nusi kee uda Gey ies bas 49-57 83 

Vi, Vaeuliin-tube: ampliers «2. cece ees needa s mates 58-66 91 

VII. Tuned radio-frequency receiver .............005. 67-74 106 

VIII. Superheterodyne receiver ............. cece eee 75-84 117 

TX. WOW CP SUD PICS: sede acstalvaiwveeaed eaten tec codna sence Goky 85-95 134 

Ad,  NACUUIMTUDE OSCIUALONS seh thie ey PSG es. 3 waa 96-100 149 

XI. Continuous-wave transmitters ...............000. 101-112 161 

ATT. “Modulated transnuitters: (.$3c00-204442ac as treme <5 113-126 177 

ATi... Brequency- modulation: 4404.2 tase taeiwedetutwk 127-1386 196 

XIV. Antennas, radiation, and wave propagation ....... 137-153 226 

XV. Very-high-frequency communication ............. 154-161 252 

AVE... ‘Carnede-1ay WUbe 24 ciccn eas as wakes is eead ee cules 162-167 259 

AVIT.. Madi direction: Anding: see iw kd eee ca pee we x 168 272 

XVIII. Care and maintenance of radio equipment......... 169-172 273 
Appendix 

i; MAC: BD OrevViIalONs. 2 ad.cua enki neha tat See ee eee kk eee eK ett alts 278 

dds Glossary Of £4016 LOMUIs: «6 arse wads 25 oseacn sf R a awed Uae aries 281 

Lid, summary: Of TOrmUAs is cane Gye ae thaw eeortee Gee ata ny hudew ce 307 

TVs SMA radio COlOr CONC wii a2 dee do tetcig wake derta a oeuia Cee ees 309 

Ve. Miles and su PMU les licorice yeh ie een we woe we eee len ete 311 

Vio -dSMo0eyeleMeter CONVERSION: pore b wanda Wasa wee 2S Sed aaa Gaal ee as 312 

VII. Inductance-capacitance product values ......... 0.00... eee 317 

Viti. Squares and square POOUs 4.4.43 3.04 ohe der esa ea de erates oaks 320 

TXe, SRIDMOO VA DIAS cowie ee accede fis Whe ee. e dealing eke Pyle awa tenet e bckto ask 321 

War TROVICW. CQUCSLIONS: ixicy:s uichw ame e turd ae ae eens oat oak gm eaaas Se 322 

POM We ie Gone Braet en Gis hy 9 Gi EE eee ta REE Rank t Bin Re aoe eed alae g wate dug ee AO rR ew 331 


This manual supersedes TM 11-455, 17 July 1941. 


SECTION | 


INTRODUCTION TO RADIO 


|. General 


a. The success or failure of any military mission depends on the 
efficiency of its communication system. In these days of high-speed 
warfare, rapid positive communication is more vitally important than 
ever before. The advent of mechanized warfare, made possible by the 
development of motor vehicles, airplanes and tanks, has created a 
demand for a fast, flexible, and mobile communication system, and 
radio 1s the only means of communication which will meet these require- 
ments. The successful coordination of all the units which constitute a 
modern fighting force would be virtually impossible without radio com- 
munication. Hundreds of thousands of radio sets are used by the Army 
to direct our tanks in battle, detect the approach of hostile airplanes, 
bring our fighter airplanes into contact with the enemy, and direct our 
bombers to their targets and bring them safely home. Small portable 
sets provide instant communication for troops on foot, and powerful 
fixed stations transmit orders to commanders in the field. All of these 
sets must be properly operated and maintained; otherwise they will be 
worthless. The failure of but one radio set in the field may cause the 
failure of a mission and the loss of many lives. _ 

b. Radio is not difficult to learn if the fundamentals are mastered 
step by step. A thorough knowledge of these important fundamentals 
enables a radio operator or technician to understand the equipment he 
handles and to obtain the best results from its use. Abbreviations 
common to radio communication work are used throughout this manual 
to accustom the reader to those terms which are used frequently in all 
radio publications. A list of these abbreviations and their meanings is 
given in appendix I. 


2. Electrical Background 


a. The basic laws which govern the electrical phenomena in radio 
communication systems are much the same as in ordinary power sys- 
tems. A discussion of these basic principles of electricity is presented 
in TM 1-455, including a study of the current and voltage relationships 
in elementary direct-current (d-c) and alternating-current (a-c) cir- 


cuits, with applications to power equipment and to measuring instru- 
ments. It is assumed that the student is thoroughly acquainted with the 
material contained in TM 1-455. Basic electrical principles are men- 
tioned in this manual only to the extent necessary to show their 
application to the fundamentals of radio. | 

b. An elementary principle of radio transmission can be more easily 
understood if it is compared to the action of a transformer. (See 
TM 1-455.) If two coils are coupled together magnetically, and an 
alternating current is applied to one of the coils (known as the primary ), 
a similar alternating current appears in the second coil (known as the 
secondary), even though there is no direct physical or mechanical 
connection between the two coils. In radio transmission a high-frequency 
(h-f) alternating current, which is known as radio-frequency (r-f) 
current, is applied to a wire known as the transnutting antenna. The 
r-f current flowing through this wire sets up a h-f magnetic field around 
the wire. If a second wire, known as the receiving antenna, is placed 
somewhere in the magnetic field of the transmitting antenna, r-f current 
will flow in this second wire. Thus the transmitting antenna cor- 
responds to the primary of a transformer, and the receiving antenna 
corresponds to its secondary. The effect of the transmitting antenna 
on the receiving antenna is similar to the effect of the primary on the 
secondary of a transformer. 


3. Frequencies of Communication 


a. An a-c wave makes a number of complete cycles every second. The 
number of cycles per second (cps) determines the frequency of the 
wave. The frequencies which can be used for communication purposes 
may be divided into two broad groups: audio frequencies and radio 
frequencies. 

b. Audio frequencies are those frequencies between about 15 and 
20,000 cycles per second to which the human ear normally responds. 
Sounds which occur at frequencies below 20 cycles per second (such as 
the staccato tappings of a woodpecker) are recognizable more as indi- 
vidual impulses than as tones. The frequencies that are most important 
in rendering human speech intelligible fall approximately between 200 
and 2,500 cycles per second. The fundamental range of a pipe organ is 
from about 16 to 5,000 cycles per second, and the highest fundamental 
note of the flute is about 4,000 cycles per second. Speech and music actu- 
ally consist of very complicated combinations of frequencies of irregular 
and changing shape. These are harmonics, or overtones, which are 
multiples of the fundamental tone, or frequency, and give individual 
characteristics to sounds of the same fundamental frequency coming 
from different sources. Thus, a violin and a piano both emitting a 
1,000-cyele tone would not sound alike, because of the presence of 
characteristic overtones. It has been determined by experiment that 
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the human ear responds best to sounds of about 2,000 cycles per second. 
Sound waves around 15,000 cycles per second and higher, such as those 
set up by very high-pitched whistles, are likely to be inaudible to the 
average ear. Audio frequencies are used to operate telephone receivers, 
loudspeakers, and other mechanical devices to produce sound waves 
which are audible to the ear. Although the audio frequencies cannot be 
used directly for transmission purposes, they play a large part in 
radio communication. | 

c. Radio frequencies extend from about 20 kilocyeles (20,000 cycles) 
to over 30,000 megacycles (30,000,000,000 cycles). Since different 
eroups of frequencies within this wide range produce different effects 
in transmission, radio frequencies are divided into groups, or bands, of 
frequencies for convenience of study and reference. The bands used 
for military purposes are shown in table I. 


Table I 
Band Frequency range 
Low-frequency (l-f) ......... cece eee eee 30 to 300 ke. 
Medium-frequency (m-f) ..............0008s 300 to 3,000 ke. 
High-frequency (h-f) ........ ccc eee eee 3,000 to 30 me. 
Very-high-frequency (v-h-f) ................ 30 to 300 me. 
Ultra-high-frequency (u-h-f) ............... 300 to 3,000 me. 


Since these frequency bands have certain transmission characteristics, 
it is convenient to note the approximate results which may be expected 
from the use of various frequencies under normal operating conditions. 
These results are shown in table II. 


Table II 





Band ee ee ee 
Day Night 
IGE Yepcqceaeey Sa e eees Long ....{Long ....}/ Very high . Long 
LEE ss dts jt aed eee, Medium ..|Long ..../ High to Long 
medium. . 
H-f (3 to 10 me.)....{/Short ..../Medium {Medium ..| Medium 
to long. 

H-f (10 to 80 mc.)...j/Long ....JShort ....[Low ..... Short 
Wee salon ehtetata tered Short ....j/Short ..../low ..... Very short 


Long range: over 1,500 miles. Medium range: 200 to 1,500 miles. Short 
range: under 200 miles. 


4. Relationship Between Radio Frequency and Wavelength 


a. When r-f current flows through a transmitting antenna, radio waves 
are radiated from it in all directions in much the same way that waves 
travel on the surface of a pond into which a rock has been thrown. It 
has been found that these radio waves travel at a speed, or velocity, of 
186,000 miles per second (equal to 300,000,000 meters per second). 
Radio waves are produced by sending a h-f alternating current through 
a wire. The frequency of the wave radiated by the wire will therefore 
be equal to the frequency, or number of cycles per second, of the h-f 
alternating current. 

b. Since the velocity of a radio wave is constant regardless of its 
frequency, to find the wavelength (which is the distance traveled by 
the radio wave in the time required by one cycle) it is only necessary to 
divide the velocity by the frequency of the wave. This is an important 
relationship of radio communication. 


300,000,000 (velocity in meters per second) _ Wavelength (in 
Frequency (in cycles per second) 7 meters). 


Example: To find the wavelength of a radio wave with a frequency 
of 100,000 cycles per second: 


300,000,000 
100,000 


This same relationship can be expressed in another way. If the wave- 
length is known, the frequency can be found by dividing the velocity 
by the wavelength. 


—= 8,000 meters. 


300,000,000 (velocity in meters per second) _ Frequency (in 
Wavelength (in meters) cycles per second). 


Example: To find the frequency of a radio wave with a wavelength 
of 150 meters: 


300,000,000 
150 


c. Radio waves are usually referred to in terms of their frequency. 
Since the frequencies employed in radio transmission extend from 
several thousand to many hundreds of millions of cycles per second, 
it ig more convenient to refer to them in terms of kilocycles per second 
_ (ke) and megacycles per second (me). 


= 2,000,000 cycles per second (or 2,000 ke). 


1 ke = 1,000 cycles per second. 
1 me = 1,000 ke = 1,000,000 cycles per second. 


5. Elements of Radio Communication 


a. In order to transmit messages from one location to another by 
radio, the following basic equipment is required. (See fig. 1.) 
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HEADSET 


TRANSMITTER RECEIVER 





MICROPHONE 


OR KEY Ur Bee, 
. Figure 1. Block diagram of basic radio equipment. 


(1) A transmitter, to generate r-f energy waves. 

(2) A key, or microphone, to control these energy waves. 

(3) A transmitting antenna, to radiate r-f waves. 

(4) A recewing antenna, to intercept some of the radiated r-f waves. 
(5) A receiver, to change the intercepted r-f waves into a-f waves. 
(6) A loudspeaker, or headphones, to change the a-f waves into sound. 


b. The simplest possible radio transmitter (fig. 2) consists of a 
power supply and a device known as an oscillator, for generating r-f 
alternating current. The power supply may consist of batteries, a 


ANTENNA \|/ 







OSCILLATOR 


TL-68/6 
Figure 2. Block diagram of simple radio transmitter. 


generator, or an a-c-operated power source. In order to tune such a 
transmitter to the desired operating frequency, the oscillator must 
contain a tuned circuit. It is also necessary to have some method of 
controlling the r-f energy generated by this transmitter, if messages 
are to be sent by this means. The easiest way of doing this is to use a 
telegraph key (which is merely a type of switch for controlling the 
flow of electric current) connected in series with the power supply and 
the oscillator. When the key is operated, the power applied to the 
oscillator to establish a flow of current is turned on and off for varying 
lengths of time, to form dots or dashes of r-f energy. Since the output 
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\\/ ANTENNA | . 


power, or r-f energy, generated by this oscillator is normally not great 
enough to permit transmission over long ranges, it is seldom used alone 
as a radio transmitter. In order to increase, or amplify, the output of 
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Figure 3. Block diagram of oscillator-amplifier transmitter. 


the oscillator, a device known as a 7-f amplifier is generally used in 
modern radio transmitters. The addition of this stage is shown in 
figure 3. Such a transmitter is entirely satisfactory for practical pur- 
poses where only radiotelegraph or code transmission is desired. In 
order to transmit messages by voice, however, it is necessary to find 
some way of controlling the output of the transmitter in accordance 
with the voice frequencies (audio frequencies). In modern radiotele- 
phone transmitters this is done by means of a modulator, which in- 
creases or decreases the output of the transmitter in accordance with 
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MICROPHONE TL-68/8 


Figure 4. Block diagram of radiotelephone transmitter. 


the voice frequencies generated when speech enters a microphone. This 
process is known as modulation, and a r-f wave affected in this manner 
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is known as a modulated wave. Figure 4 shows the addition of the 
modulator and microphone required to change the radiotelegraph 
transmitter into a radiotelephone transmitter. 

c. The radio receiver operates in a manner different from that of 
the transmitter just discussed. Consider the diagram of a simp!e radio 
receiver. (See fig. 5.) Radio-frequency waves (from a transmitter) are 
reaching the antenna of the receiver. If a pair of headphones (headset) 
is connected directly to the receiving antenna in an attempt to receive 
the incoming radio waves, the attempt would not be successful, because 
the human ear will not respond to radio frequencies. A method is 
therefore needed whereby intelligence in the form of audio-frequency 
waves can be extracted from radio-frequency waves, and converted into 


‘sound by a headset. The circuit which is used in radio receivers to 
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HEADSET 


DETECTOR 


7L- 68/9 
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Figure 5. Block diagram of simple radio receiver. 


accomplish this is known as a detector, since it actually detects the 
incoming signal (radio wave). Since it is known that the radio trans- 
mitter is sending out radio waves of a certain frequency, the receiver 
must have some means of tuning in, or selecting the frequency of the 
desired radio wave. This is necessary to avoid receiving many radio 
signals of different frequencies at the same time. That part of a 
detector which is used to tune in the desired signal 1s called a tuned 
circuit. Because a radio signal diminishes in strength, or amplitude, 
at a very rapid rate after it leaves the transmitting antenna, it 1s 
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DETECTOR 


7L-6820 


Figure 6. Block diagram of detector and a-f amplifier. 


seldom possible to use a detector alone to tune in the desired signal. 
The greater the distance between the transmitting and receiving 
antennas, the greater will be the reduction, or loss, in signal strength. 
By the time it reaches the receiver, the signal may be so weak that the 
sound in the headset is too faint to be understood. The actual r-f signal 
voltage picked up by a receiving antenna in normal communication 
work is usually only a few microvolts, or millionths of a volt. In order 
to increase the level of the a-f output of the detector to obtain satis- 
factory headset operation, an a-f amplifier is used in most radio sets. 
Figure 6 shows an a-f amplifier added to the simple radio receiver. 
If it is desired to increase the sensitivity (ability to receive weak sig- 
nals) of the receiver still more, it will be necessary to amplify the r-f 
signal before it reaches the detector. This is done by the use of an r-f 
amplifier. Since the r-f amplifier, like the detector, 1s provided with 
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7L- 682/ 
Figure 7. Block diagram of complete radio receiver. 


one or more tuned circuits, so that it amplifies only the desired signal, 
the addition of an r-f amplifier to the receiver gives not only greater 
sensitivity, but also greater selectivity (ability to separate signals). 
The essentials of a modern radio receiver are shown in figure 7. 


SECTION Il 


CIRCUIT ELEMENTS AND SYMBOLS 


6. Simple Circuits 


a. It has been shown that radio transmitters and receivers are made up 
of a number of circuits, each of which has a definite job to do in the opera- 
tion of the whole. The failure of one part in any of these various 


circuits can eause the failure of the entire radio set. It is therefore 


necessary to study carefully such circuits and their individual parts. 

-b. There are three general types of electrical circuits, known as serves 
circuits, parallel circuits, and serves-parallel circuits, depending on the 
arrangement of parts. (See fig. 8.) The principle of operation of these 


tie oA 


1 1| 
(4) TL 6822 


a) ertes-connected circuit. 
(@) Parallel-connected circuit. 
@, @ Sertes-parallel, combination circuits. 
Figure 8. Simple circutts. 


simple circuits is discussed in TM 1-455. A simple relationship, known 
as Ohm’s law, exists between the voltage, current, and resistance in 
electrical circuits. The student should become thoroughly familiar with 
all three forms of Ohm’s law, since it is very useful in determining the 
voltage, current, or resistance in an electrical circuit. When any two of 
these values are known, the third can easily be found. 

c. Ohm’s law simply states that the current flowing in a circuit is 
equal to the voltage applied to the circuit divided by the resistance. 


E (volts 
I (amperes ) = Fee 


This is the form that is used when the voltage applied to the circuit and 
the resistance of the circuit are both known, and the value of the current 
flowing in the circuit is wanted. 


Example: If 500 volts are applied to a circuit which has a resistance 
of 5,000 ohms, the current in the circuit will be— 


900 1 
5,000 ~=10 


d. If the current and the resistance of the circuit are known, the volt- 
age applied to the circuit can be found by use of the second form of 
Ohm’s law, which states that the current times the resistance equals the 
voltage. 


r= — 0.1 ampere. 


E (volts) =J (amperes) * FR (ohms). 


Example: If a current of 38 amperes is flowing through a cireuit hav- 
ing 70 ohms resistance, the voltage applied to the circuit will be— 


E=s3 < T0210 volts: 


e. If the values of the current and voltage are known, the resistance 
of the circuit can be found by the third form of Ohm’s law, which states 
that the resistance equals the voltage divided by the current. 


E (volts) 


ce I (amperes) 


Example: If a current of 0.25 ampere flows in a circuit to which 100 
volts is applied, the resistance of that cireuit will be— 


100 


FE 95 


— 400 ohms. 

f. D-e circuits and a-c circuits are dealt with separately in TM 1-455, 
and no attempt is made to consider circuits in which both direct current 
and alternating current are present at the same time. Since both direct 
current and alternating current are present simultaneously in most 
radio circuits, it is important to understand the manner in which the 
various parts of a radio circuit control the current flow. 


7. Circuit Elements 


Any radio circuit is a combination of parts arranged to control the 
flow of current in such a manner that certain desired results are pro- 
duced. These parts are called circuit elements. The three main circuit 
elements used in radio work are resistors, mductors, and capacitors. 


8. Resistors 


a. A resistor is a circuit element designed to introduce resistance into 
the circuit, so as to reduce or control the flow of current. Resistors may 
be divided into three general types, according to their construction. 
These are known as fixed resistors, adjustable resistors, and variable re- 
sistors. | 
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b. Fixed resistors are used to introduce a constant value of resistance 
into a circuit. Their size and construction are determined by the 
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TL 2742A 


@) Wire-wound resistor. 

@) Low-wattage carbon resistors. 

(3) High-wattage carbon resistors. 
Figure 9. Fixed resistors. 


amount of power they must carry. For low-power requirements, small 
carbon or metallized resistors are used; where heavier power must be 
carried, larger resistors of wire-wound construction are employed. Sev- 
eral types of fixed resistors are shown in figure 9, together with the 
symbol which is used to represent them on circuit diagrams. Fixed 
resistors are often provided with colored markings to indicate their 
resistance value and accuracy (tolerance). This system of marking, 
called the Resistor Color Code, 1s simple, and should be memorized for 
future reference. Table III shows the complete Resistor Color Code, 
and gives several examples of its use. When a color-coded fixed resis- 
tor does not bear either a gold or silver tolerance marking, it should be 
remembered that the resistor is only accurate to within 20 percent of its 
marked value in ohms. Large fixed resistors, for use in highpower cir- 
cuits, are found without the color coding, but the value in ohms gen- 
erally is printed somewhere on the resistor. 

c. Adjustable resistors are used where it is necessary to change or 
adjust the value of the resistance in a circuit from time to time. In its 





usual form, the adjustable resistor is wire-wound, and has one or more 
sliding collars which may be moved along’ the resistance element to 
select any desired resistance value. It is then clamped in place. Figure 
10@ shows an adjustable resistor. 









ARROW INDICATES 
MOVING CONTACT 





TLRI4A3A i VARIABLE.-RESISTOR SYMBOL 


@) Adyustable power resistor. 

@) Potentiometer for volume control. 

@) Potentiometer for power supply. 
Figure 10. Adjustable and variable resistors. 


d. Variable resistors are used in a circuit when a resistance value 
must be changed frequently. Depending on the power requirements, 
variable resistors are either of carbon or wire-wound construction. The 
actual resistance element of the variable resistor is usually circular in 
shape, and the sliding tap, or “arm,” which makes contact with it is 
provided with a knob and a shaft, by means of which the resistance 
can be varied smoothly. If both ends of the resistance element are 
provided with connection terminals (in addition to the sliding arm) the 


Tabie III. Resistor Color Code. 


COLOR INDICATES TOLERANCE (% ACCURACY ) 











GOLOR INDICATES NUMBER OF ZEROS 


COLOR INDICATES SECOND NUMBER 


NE 


COLOR INDICATES FIRST NUMBER 


NEW SYSTEM OLD SYSTEM 
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Color Number 

Black teed sane ceewa eee ened he earth ee 0 

BOW 2h 8 ie Lea beh a he ee tare eee: ui 

ROW “octet airs Beaks bates CG eaten 2 

O©guee. Ai cease tad sianct ose bogs tau aw aes es 3 b 
Vella wso eye 0G ee eee ad nae LG ee ue 4 

Green! nu. Ore se met eee Bore sne et ewe as o 

TING wud 68 ou, dees Sena ae ae dae Sete oe 6 

MiOlel: sdawesuny ee eel eons oat ed eee aumantaes t 

GUay ode ee heel a th ca wa te enone dea aes 8 

MW TIGG -) ctr hala as. nied Ae dere ae eee eee Gea s 9 

70) ro aera Oe oe arias Sraee te a ee eran nee or eee 5 percent accuracy 
SULVel: hp aniedeea cts ec tm aon ey eee Aas aa a 10 percent accuracy 


Norse. If no gold or silver marking appears (to indicate tolerance) accuracy is 
20 percent (standard tolerance). 


Example: A 50,000-ohm resistor, of standard tolerance, would be indicated by a 
green ring (5), a black ring (0), and an orange ring (000), as shown in the new 
system of marking above. In the old system of marking, shown above on the right 
hand side of the page, the resistor would be painted green (5), with a black end (0), 
and an orange dot or ring in the center (000). 


variable resistor is called a potentiometer. Figure 10() shows a poten- 
tiometer used as a volume control for a radio receiver; figure 10@) 
shows a potentiometer wound of heavier wire for use in a power supply 
circuit. If only one end of the resistance element and the shding arm 
are brought out to connection terminals, the variable resistor is called a 
rheostat. The symbol for adjustable resistors is the same as that for 
variable resistors. | 


9. Resistance Calculations 

a. In repairing radio sets it is sometimes found that the exact re- 
placement parts are not at hand. It then becomes necessary to use 
whatever parts are available to make the repair. This is particularly 
true in the case of resistors, since many different resistors of different 
values and sizes are required in transmitters and receivers. A repair 
depot would have to carry thousands of resistors in stock at all times, 
to have on hand the exact replacements required for the repair of radio 
equipment in the field. Obviously this is not possible, and the competent 
radio repairman must know how to calculate the resistance values of 
combinations of resistors (in series and parallel) so that he can use 
available resistors to make emergency repairs. 

b. The total resistance of several resistors connected in series 1s equal 
to the sum of the resistances of the individual resistors. 


R, (total) = ry + re + rz. 


Example: The total resistance of three resistors connected in series, 
the values of which are 50,000 ohms, 100,000 ohms, and 250,000 ohms 
respectively, will equal— | 


R; = 50,000 + 100,000 -+ 250,000 = 400,000 ohms. 


c. If several resistors of equal value are connected in parallel, the 
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total resistance will equal the value of one resistor divided by the num- 
ber of resistors. . 


r (of one resistor) 


SE NOE ee: n (No. of resistors) ° 


Example: If five 50,000-ohm resistors are connected in parallel, the 
effective resistance of the combination will equal— 


_ 50,000 
i 5 





—= 10,000 ohms. 


If several resistors of unequal values are connected in parallel, the 
reciprocal of the total resistance (one divided by the total resistance) 
will be equal to the sum of the reciprocals of the individual resistors. 
1 1 1 iP 
At 


—_—— —_—_— 


Ry; ry T9 fs 


Example: The total resistance of three resistors connected in parallel, 
the resistances of which are 40,000 ohms, 20,000 ohms, and 8,000 ohms, 
respectively, will equal— 





at 1 1 
RB, ~ 40,000 * 20,000 * 8,000 
1 9 5 
= 40,000 ' 40,000 ' 40,000 
¢. 2 1 


PR, 40,000 5,000 
R, = 5,000 ohms. 


d. When current flows through a resistance, part of the electrical 
energy is changed into heat; thus it is said that a resistance consumes 
power. A resistor in a circuit consumes power according to the voltage 


applied to it and the current which flows through it. This is a power 


loss (since heat produced by a resistor in a radio circuit is of no use), 
and is known as the dissipation of the resistor. It is very important to 
know how much power a given resistor dissipates in a given circuit in 
order to make any repairs to the circuit. If a replacement resistor 
cannot safely dissipate the required power, it will overheat and possibly 
burn out; and the high heat it radiates may damage other parts. For 
this reason resistors are rated in watts dissipation, so that the maximum 
power a resistor will dissipate is known. Thus, a 2-watt resistor can 
safely dissipate up to 2 watts of power, and a 5-watt resistor can safely 
dissipate up to 5 watts. It is advisable when replacing defective re- 
sistors to use resistors capable of dissipating more than the known 
power of the circuit; a safe rule is to use resistors rated at least 144 
times the required power. 
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e. To determine the power dissipation in watts when the voltage and 
eurrent are known, multiply the voltage by the current. 3 


P (watts) = E (volts) & I (amperes). 


Example: If 50 volts applied to a given resistor cause a current of 
0.5 ampere to flow through it, the power dissipation of the resistor will 
be equal to— 

P= 50 X 0.5 = 29 watts. 


When the value of the resistance and the current through the resistor 
are known, multiply the current squared (the current times itself) by 
the resistance to obtain the power dissipation in watts. 


PS 72S. F. 


Example: If a current of 2 amperes flows through a resistance of 10 
ohms, the power dissipation in watts will be equal to— 


f. Resistance offered to the flow of current by a resistor is the same 
for both alternating current and direct current. In the ease of alter- 
nating current, the resistance remains the same regardless of frequency. 


10. Reactance 


a. Two other circuit elements, inductors and capacitors, are also used 
to oppose the flow of current in circuits containing both alternating 
current and direct current. However, this opposition, unlike the re- 
sistor just studied, is not the same for both alternating current and: di- 
rect current. The inductor or capacitor reacts In a different way to 
various a-c frequencies; in other words, the opposition to the flow of 
current does not remain constant as the a-c frequency 1s varied. 

b. In the case of the inductor, the opposition offered to the flow of 
alternating current will become greater if the frequency is increased. 
In the case of the capacitor, the effect is just the opposite, and the oppo- 
sition will decrease as the frequency is increased. This opposition that 
a capacitor or inductor offers to the flow of alternating current. is 
known as its reactance. The reactance of an inductor is called induc- 
tive reactance; the reactance of a capacitor is called capacitive react- 
ance. Both inductive reactance and capacitive reactance are measured 
in ohms. 


11. Inductors 


a. An inductor is a circuit element designed to introduce a certain 
amount of inductive reactance into a circuit. An inductor may take 
any number of physical forms or shapes, but basically it is nothing 
more nor less than a coil of wire. The unit of inductance measurement 
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is the henry, and the terms millihenry and microhenry are also used. 
One henry is equal to 1,000 millihenrys, which in turn are equal to 
1,000,000 microhenrys. The inductance of an air-core coil increases 
as the size of the coil or the number of turns of wire is increased. The 
use of magnetic metal (such as iron) for the core of the coil will in- 
crease its inductance; a nonmagnetic metal (such as brass or copper) 
will decrease the inductance. The inductive reactance of any coil is 
increased as its inductance is increased. There are three general types 
of inductors: fixed, adjustable, or variable. 

b. Fixed inductors have a constant value of inductance in a circuit. 
Most of the coils used in radio work are of the fixed type. The coils 
used in the tuned circuits of radio transmitters and receivers usually 
have air cores. The number of turns of wire depends on the frequency 
range to be covered. The only difference between transmitting and re- 
ceiving inductors is in their size, since transmitting coils must stand 
considerably more current and voltage than those used in receivers. 


A typical transmitting coil is shown in figure 11@), and consists of a 


single winding of heavy wire. 
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POWER OR AUDIO INDUCTOR R-F INDUCTOR 
(FILTER REACTOR OR CHOKE) TL-274IA 
@ Single-winding tank inductor for high-power transmitters. 
@ Plug-in type r-f transformer for medium-power transmitters. 
@) and © Small r-f transformers used in h-f receivers and transmitters. 
@ Small r-f inductor or choke coil used in receivers or low-power transmitters. 
Figure 11. Typical r-f inductors and transformers. 
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c. Adjustable inductors found in modern radio equipment are of 
two main types. The first, and simplest, consists of a coil which is pro- 
vided with several taps and a switch, or clip, so that the inductance 
may be adjusted in several steps. This type is found mainly in the 
antenna circuit of radio transmitters, where it is desirable to adjust 
the inductance of the coil to suit the varying requirements of different 
antenna lengths. In the second type, the coil is provided with a mag- 
netic core, which may be moved in or out by means of an adjustable 


ADJUSTMENT ~ 


INDUCTOR 





TL-6/62 


Figure 12. Permeability-tuned inductor. 


setscrew. This type of adjustable inductor, known as a permeability- 
tuned inductor, 1s sometimes used in transmitters and receivers in tuned 
circuits intended to operate at only one frequency. Figure 12 shows 
the use of a permeability-tuned inductor in a tuned-circuit assembly, 
and gives the symbol by which this type of adjustable inductor is rep- 
resented on circuit diagrams. 

d. Variable inductors are found principally in the antenna circuits of 
radio transmitters. They usually consist of two coils connected in se- 
ries, and are so constructed that one coil may be rotated within the 
other and the inductance consequently varied. Such inductors are 
called variometers. 
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Symbol : 


Figure 13. Variometer. 


Figure 13 shows a typical variometer and gives the symbol for rep- 
resenting variable inductors on circuit diagrams. 

e. A choke cowl is a fixed inductor possessing the desirable property 
of showing a high reactance to the flow of alternating current, while 
showing a very low resistance to the flow of direct current. Thus, a 
choke coil will easily pass direct current but will try to block or 
“choke” off the passage of alternating current. Very small air-core 
choke coils are used to prevent r-f alternating current from flowing 
in d-e eireuits. Large iron-core choke coils are used in a-f circuits, and 
as filter chokes in power supply circuits. Figure 14@) shows two small 
r-f choke coils and their symbol. An iron-core filter choke is also shown, 
with its appropriate symbol, in figure 14. 


12. Transformers 


_ a. If two coils are placed near to each other so that the field created 
by one coil will pass through the windings of the other, a transforma- 
tion effect will result, since one coil transfers energy from itself to the 
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@) A-f filter choke. 
@) R-f chokes. 
_ Figure 14. Choke coils. 


other coil. For example, if one coil has an a-c generator connected to it, 
the varying lines of magnetic force from the one coil will cut through 
the second winding, causing a voltage to be induced (or originated) in 
the second coil, even though there is no metallic connection between the 
windings. The coil producing the original magnetic field (or les of 
force) is called the primary, and the coil in which the voltage is in- 
duced is the secondary; the two coils in inductive relations to each 
other are called a transformer. In radio there are three general group- 
ings of transformers according to application: power transformers, a- 


transformers, and r-f transformers. The power and a-f transformers 


have cores of magnetic materials, usually some form of iron. The r-f 
transformers are oenerally of air-core design. However, very small 
magnetic cores, usually consisting of powdered iron, are used in some 
low-frequency r-f transformers, known as intermediate-frequency (1-f) 
transformers. Several different types of transformers with their corre- 
sponding circuit diagram symbols are shown in figures 11 and 15. 

b. Power transformers used in radio receivers and transmitters 
transform the line voltage (usually 110-120 volts) to either higher or 
lower voltages. When the voltage is raised the transformer is called a 
step-up transformer; when the voltage is reduced the transformer is 
called a step-down transformer. Power transformers having both 
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ANY R-F TYPICAL A-F 
TRANSFORMER TRANSFORMER WITH PRIMARY 


I-F TRANSFORMER 


AND SEGONDARY 
TUNING GAPAGITORS 


PRIMARY 
Loooa) j-irow core 


LOW - VOLTAGE CENTER-TAPPED 


NOTE: 
EITHER WINDING MAY BE PRIMARY 
OR SECONDARY DEPENDING ON 
DIRECTION IN WHICH DIAGRAM IS. 


SECONDARY HIGH-VOLTAGE DRAWN. 
SECONDARY 
(1) TYPICAL POWER TRANSFORMER TL-2740A 


@ Multi-winding power transformer. (Leads from the various windings protrude 


through holes i bottom of case.) 

@I-f transformer, with attached midget variable air capacitors for tuning the 
primary and secondary windings. (This assembly fits inside the square aluminum 
can 2.) 

@) R-f transformer. (This assembly is mounted in the round aluminum can 3,.) 

@ A-f transformer of push-pull output type. 

Figure 15. Typical transformers. 


step-up and step-down windings on the same core are widely used; 
such a transformer is shown in figure 15@), 

c. Audio-frequency transformers are used to transfer voltages of 
wide a-f range, rather than voltages of a single frequency, as in the 
case of a power transformer. A-f transformers have iron cores, and 
must. be able to carry a limited amount of direct current in the pri- 
mary windings without effecting a-c audio frequency. A typical a-f 
transformer is shown in figure 15@). 
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d. Radio-frequency transformers are used to transfer r-f voltages, 
and are usually designed to operate on one particular frequency. Re- 
ceiver transformers are quite small in size, and generally have air cores 
(figs. 11@, @, and @®, and 15@)). 

e. When r-f transformers are used for transferring radio frequen- 
cies which are low compared to the signal frequency (as in the case of 


a superheterodyne receiver, which will be discussed later), the device » 


is known as an intermediate-frequency (t-f) transformer (fig. 15@). 
L-f transformers operate on a single frequency, and may have powdered 
iron cores. 

f. Autotransformers consist of only a single coil. It is possible to 
obtain transformer action with such a coil if a connection is made 
somewhere along the winding between the extreme ends. If a step-up 


voltage effect is desired, the winding between the tap and one end is 


considered the primary, and the entire winding acts as the secondary. 
If a step-down effect is desired, the entire winding is considered the 
primary, and the section between the tap and one end acts as the 
secondary. Autotransformers are used in power circuits. 


13. Capacitors 


a. A capacitor is a circuit element designed to introduce capacitive 
reactance in a circuit. In radio work the units of capacitance are the 
microfarad (abbreviated pf or mf) and the micromicrofarad (abbre- 
viated pf or mmf). One microfarad is equal to 1,000,000 micromicro- 
farads. A capacitor is formed by two or more metallic plates separated 
by an insulating material called a dielectric. The capacitance of a ca- 
pacitor is increased as the area of the plates is increased; the capaci- 
tance is decreased, however, as the distance between the plates is in- 
creased. The capacitive reactance becomes smaller as the capacitance 
is increased. This is just the opposite of what happens in the case of 
the inductor, where the inductive reactance increases as the inductance 
is increased. If an ordinary battery is connected to the two terminals 
of a capacitor, the capacitor will become charged and will hold the 
charge for a length of time depending on the insulating material used 
for the dielectric. If the dielectric is an excellent insulator, the capaci- 
tor will hold the charge for a long time, and is then said to have low 
leakage. There are three general types of capacitors: fixed, adjustable, 
and variable. 

b. Fixed capacitors have a fixed value of capacitance in a circuit, and 
the majority of the capacitors used in radio are of this type. Many 
types of construction are found, depending chiefly on the voltage rat- 
ing desired and the amount of leakage permissible in the dielectric. 
Fixed capacitors are generally named after the type of dielectric used 
in the construction. The main types of fixed capacitors are: mica capaci- 
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tors, paper capacitors, and electrolytic capacitors. These different types 
of fixed capacitors are shown in figure 16. 


FIXED CAPACITOR SYMBOL 
(ALL TYPES) 
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@ Mica dielectric. 
@) Paper dielectric, otl-impregnated. 
3) Paper dielectric, wax-impregnated. 
@ Hlectrolytic. 

Figure 16. Typical fixed capacitors. 


c. Mica capacitors are used mainly in the r-f circuits of transmitters 
and receivers. Low leakage is an important requirement of such cir- 
cuits, Therefore, mica is used as the dielectric, because it is one of the 
best known insulating materials. Mica capacitors are seldom found 
with capacitance values greater than 0.05 microfarad, and they gen- 
erally have high voltage ratings. Mica capacitors, like fixed resistors, 
are often color-coded to indicate their value of capacitance. (A com- 
plete explanation of the mica capacitor color code is given in table IV.) 


Table IV. Mica Capacitor Color Code. 


COLOR FOR FIRST NUMBER 
COLOR FOR SECOND NUMBER 
COLOR FOR THIRD NUMBER 
COLOR FOR NUMBER OF ZEROS 


COLOR DENOTES VOLTAGE RATING 
COLOR DENOTES TOLERANCE 


COLOR FOR FIRST NUMBER 
COLOR FOR SECOND NUMBER 
COLOR FOR NUMBER OF ZEROS 
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Color Number 


Bisel: 24444 6y Ce eiotideendisss eee Ss Sia Ses 0 

Brows 2s. serra ves Ree ee eee eS 1 8 
HOG: rot Sis cewan seen wees aoe eG eae eae 2 

OFaee sees ode Sap ee eR eee EES 3 

VCUOW s40 54 Bb Se ew eRe Sos TESST ONES eee 4 

GhOGI: 2.6 sce deeee Bees Slee haa See eR Ae D 

POG <2 iat oe Pec ret Gera ace Bienes Ar te 6 

NiGleb. 2443 eroar yee ate ts ee ess 7 

Gray a5 us Maia ee ere aaa Oe EE 8 

WILO> «oats oud Rou aie Ae neth he SE OSS 9 

COG 4 aca aad & el sR eae ee eae eee eG 5 percent accuracy 
OTIVel iS bk 26h Oa ee hy cee aera aan aes 10 percent accuracy 


Nors. All values of capacitance are given in micromicrofarads. All voltage ratings 
are expressed in hundreds of volts. 


d. Paper capacitors consist of tinfoil and paper rolled together and 
impregnated with wax to exclude moisture. They are widely used in 
circuits where extremely low leakage is not important, such as a-f 
amplifier circuits, power supply circuits, and some r-f amplifier circuits. 

e. Electrolytic capacitors depend on a chemical action within them 
to produce a very thin film of oxide as the dielectric. Consequently, 
these capacitors are polarized; that is, they have a positive and a nega- 
tive terminal which must be properly connected in a circuit. Improper 
connections will damage the oxide film and short the capacitor. Since 
these capacitors depend on a chemical action which takes place when 
current flows through them to produce their dielectric, electrolytic 
capacitors have much higher leakage than either mica or paper capacl- 
tors. The principal advantage of electrolytic capacitors is that, for 
their size, they. have a much larger capacitance than the other forms of 
capacitors. They are used chiefly in power supplies where leakage is 
not important. : 

f. Adjustable capacitors are used wherever it is necessary to adjust 
the capacitance of a circuit from time to time. These adjustable capaci- 
tors are sometimes known as trimmers, and are widely used for very 
fine adjustments of the tuning of a radio receiving set (known as 
15 


TRIMMER CAPACITOR 





72-6628 C1) 
@) Air-tuned. 
@) Mica-tuned. 
Figure 17. Trimmer capacttors. 
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aligning). They are also often used for tuning circuits which operate 
on only one frequency. Adjustable capacitors, or trimmers, are of two 
types: mica-tuned or air-tuned, according to the dielectric employed. 
Figure 17 illustrates both types of trimmers. 

g. Variable capacitors are used in a circuit wherever the capacitance 
of a circuit must be continuously variable. They are used as tuning con- 
trols in practically all radio receivers and transmitters. Most variable 
capacitors used in communication circuits are of the air dielectric type. 
A single variable capacitor consists of two sets of metal plates insulated 
from each other and so arranged that one set of plates can be moved 
in relation to the other set. The stationary plates are the stator; the 
movable plates, the rotor. If several variable capacitors are connected 
on a common shaft so that all may be controlled at the same time, the 
result is known as a ganged capacitor. The capacitance range of vari- 
able air capacitors is from a few micromicrofarads to several hundred. 
A typical group of variable capacitors is shown in figure 18, with the 
appropriate symbols for this circuit element. 











we INDICATES 
OR oa” ROTOR 


VARIABLE CAPACITOR SYMBOL 
(ALL TYPES) 


@) Four-gang recewing type. 

@Q) H-f transmitting type. 

3) Trimmer, or padder type. 

@ High-power transmitting type. 
Figure 18. Typical variable capacitors. 


TL-2745A 


h. The principle of bypass and blocking capacitors is important for 
an understanding of the action of a capacitor in any circuit. Although a 
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capacitor due to the insulating properties of its dielectric, will not 
allow direct current to flow in a circuit, it will pass alternating current, 
since the capacitor charges and discharges in accordance with the fre- 
quency of the applied a-e voltage. The higher the frequency, the lower 
the reactance, and therefore the greater the current flow through the 
capacitor. This effect. is just the opposite of that of the choke coil, 
which passes direct current, but presents a high reactance to the flow 
of alternating current. In some circuits, alternating current should not 
flow through a particular circuit element. By connecting a capacitor 
across (in parallel with) that element, a path of low opposition for the 
alternating current is provided; this bypasses the alternating current 
around the element while either the direct current or the low-frequency 
(1-£) alternating current flows through the element. In still other cases, 
no direct current should flow through a particular part of the circuit. 
A capacitor is therefore connected in series with the circuit, thus block- 
ing the flow of direct current while allowing the comparatively free 
passage of the alternating current. 

1. The voltage ratings of capacitors are of much the same importance 
as the power ratings for resistors. In addition to their capacitance, 
capacitors are rated as to their d-c working voltage, which is the maxi- 
mum safe operating voltage for the capacitor. Under no circum- 
stances should a capacitor be used in a circuit in which the voltage may 
exceed the rated working voltage. The safest rule to follow when re- 
placing a defective capacitor in a radio set is to use a capacitor the 
working voltage of which is at least 114 times as great as the highest 
voltage expected in the circuit. 


14. Capacitance Calculations 

a. To make replacement repairs in the field, it 1s necessary to know 
how to determine the capacitance of capacitors when connected in se- 
ries and in parallel, since, as in the case of resistors, a capacitor of 
exactly the right value may not be available. 

b. For capacitors in series, the total amount of capacitance is found 
in exactly the same way as for resistors in parallel. 

iF 1 1 1 
C Gurley ae oe 

Example: Determine the total capacitance of the following three 

capacitors connected in series: 200 pf, 100 pf, and 400 uf. 


dt 
C200 ' 100 ' 400 

9 4 1 7 
=9300 * 400 * 400 > 400 
_ 400 


C= 7 = 57 microfarads. 
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The d-c working-voltage rating for capacitors in series is equal to the 
sum of the ratings of the individual capacitors. 

c. For capacitors in parallel, the total amount of capacitance is found 
by adding the values of each of the capacitors. This is the same rule as 
for resistors in series. 


C (total) = Cy + Co + C3. 


Example: Determine the total capacitance of the following capacitors 
connected in parallel: 0.0005, 0.001, 0.0001, and 0.01 microfarad, 
respectively. 


C = 0.0005 + 0.001 + 0.0001 + 0.01 = 0.0116 microfarad. 


The d-c working-voltage rating of a combination of capacitors in paral- 
lel is equal to that of the capacitor with the lowest working-voltage 
rating. 


15. Operation of Circuit Elements 


a. Following the study of the individual properties and character- 
isties of the three circuit. elements, resistance, inductance, and capaci- 
tance, it will now be shown how these circuit elements operate In an 
actual circuit. Figure 19 shows a circuit containing all three circuit 
elements, so arranged that if switch S—1 is closed, direct current will 
be applied to the circuit, and if switch S-2 is closed, alternating cur- 
rent will be applied to the circuit. The grownd symbol shown on the 
diagram indicates that all points in the circuit so marked with this 
symbol are connected to a metal chassis, or base, on which the circuit 
is constructed; thus, all points bearing the ground symbol are actually 
connected together (via the metal in the chassis). This chassis ground 
symbol is used quite frequently in circuit diagrams to indicate that 
a part or a circuit element is connected to the chassis. The symbol does 
not necessarily mean that the part is actually connected to an earth 
ground, although it is sometimes used in this way in transmitter and 
receiver circuits, as will be shown later. 

b. In studying the circuit of figure 19, it will be seen that there are 
three possible paths through which current may flow. The first 1s 
through resistor R1 and back through ground (or the chassis) to 
whichever power source is in use; the second is through capacitor C1 
and resistor R2 and back through ground; the third is through inductor 
L and resistor R3 and back through ground. It will be assumed that 
inductor L has a large inductance, and that capacitor Cl has a large 
value of capacitance. Note that all three paths are connected in parallel. 

c. The first step in the study of this circuit is to close switch S—I, 
applying direct current to the circuit. Current will flow through re- 
sistor Rl, the first path; the amount of current which flows through 
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Figure 19. Operation of circuit elements, 


this path will depend on its resistance. No current will flow in the 
second path since the dielectric of capacitor C acts as an insulator, and 
thus the capacitor will not pass direct. current. Although no current is 
flowing in the second path, voltmeter V, which is connected across all 
three paths in parallel, indicates that there is a voltage present across 
R2 and Cl. Also, if the voltmeter were placed across Cl, the same 
value of voltage would be found across it, since there is no current 
flowing in this path, and consequently, there is no voltage drop across 
R2. This example shows that it is possible for a voltage to be present in 
a circuit, even though the circwit is open (that is, there is no flow of 
current). Current will flow in the third path, since the only opposition 
to eurrent flowin this branch of the circuit is the d-c resistance of the 
coil windings of inductor LZ and the resistance of resistor R38. The 
amount of current flow will be determined by the total resistance in 
this path; that is, the sum of the d-c resistance of L and the resistance 
of R8. 

d. The next step in the study of this circuit is to open switch S-l 
and close switch S-2, applying alternating current to the circuit. 
When this is done, current will flow through resistor R1 in the first 
path. Since a resistor offers the same opposition to alternating current 
as to direct current, the current flowing in this path will be the same 
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regardless of whether alternating current or direct current is applied 
to the circuit. In the second path, through capacitor Cl (which has a 
large value of capacitance) and resistor R2, conditions will be similar 
to those in the first path. Due to its large capacitance, Cl will present 
a small reactance to the flow of current through this branch of the 
circuit. Thus, the impedance of this second path, or its total opposition 
to the flow of alternating current, being due to both the small react- 
ance and the resistance, will be, for practical purposes, about equal to 
the resistance R2. In path three of the circuit, inductor LZ has such a 
large value of inductance, that it will present a high reactance to the 
flow of alternating current. The impedance of this path, which is due 
to both the large reactance and the resistance, will be so high that the 
current flow through R3 and LZ will be extremely small. 

e. To sum up the effects of the circuit elements on both alternating 
current and direct current, both switches are closed to apply alternat- 
ing current and direct current to the circuit at the same time. The 
important results then will be: In path one, both alternating current 
and direct current will flow; in path two, only alternating current 
will flow; in path three, a relatively large value of direct current will 
flow, but only a very small value of alternating current will flow. 
Thus it can be seen from this study that with both alternating current 
and direct current present in a circuit, the current flow of either may 
be permitted, stopped, or restricted, by the proper choice of circuit 
elements. 


16. Audio-frequency Circuit Elements 


a. The instruments and devices used to change sound waves into 
electrical (audio) frequencies, and vice versa, are important parts of 
the complete radio transmitter and receiver. 
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Figure 20. Carbon microphone T-17. 


28 


b. A microphone is a circuit element for converting sound (acous- 
tical) energy into electrical (audio) energy. The various types of mi- 
ecrophones are named in accordance with the methods used to produces 
this conversion, or change. Thus, there are carbon, condenser, dynamic, 
velocity, and crystal microphones. Carbon microphones use the varia- 
tion of resistance between loosely packed carbon granules (due to 
acoustical or sound pressure in a diaphragm) to vary the electrical 
eurrent at an audio-frequency rate. An Army microphone (Micro- 
phone T-17) is shown in figure 20. Condenser microphones operate 
on the principle of sound energy causing a variation in the spacing 
between two plates which act exactly like a capacitor; the resulting 
variation of capacitance (due to the movement in and out of the 
plates) causes a variation at audio frequencies. Dynamic nicrophones 
use a low-impedance coil mechanically coupled to a diaphragm; sound 
waves move the diaphragm and the coil, and the movement of the coil 
in a magnetic field causes currents in the coil at audio frequencies. 
The velocity microphone also operates on the electro-magnetic principle, 
but uses a ribbon of dural (a metal alloy) suspended between the 
poles of a powerful magnet. When the ribbon is vibrated by acoustical 
energy, it cuts the lines of force, and a current, which varies in ac- 
cordance with the sound waves, is induced in the ribbon. One type of 
crystal microphone uses a Rochelle salt crystal fastened to a dia- 
phragm. When sound waves move the diaphragm, the crystals vibrate 
and produce an alternating voltage between the crystal electrodes at 
the frequencies of the sound waves. All of the types mentioned (except 
the erystal microphone) require either some source of current, a mag- 
netic field, or a polarizing voltage. 

c. Headsets and loudspeakers are circuit siemens for converting 
electrical (a-f) energy into sound (acoustical) energy. In general, the 





Figure 21, Headset, 
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Table V. Tabulation of common radio symbols. 
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Device Symbol Symbol Device 


Conductor or Wire =| = Cable, Shielded te. Coil or Inductor, 
oo : Tapped 
Crossed wires — 3 : ee 
top, connection; ey Resistor, Fixed Sea Aseee Coil or Inductor, 
bottom, no con- Sek ‘ oo lron Core 
nection 4 
es ’ Mert Coil or Inductor, 
Ground eee §6Resistor, Variable ae Powdered 
. ee Iron Core 
7 os eee Transformer, 
Antenna eee AG | Capacitor, Fixed . oe Powdered 


lron Core 


: Capacitor, Fixed ay Transformer, 
Counterpoise Lae , ‘ 
5 Shielded Si Air Core 
C 7 Transformer, 
Antenna, Loop ue Variable Coupling, 
ariable moving coil shown 
; | eee : Transformer, 
Terminals | j Variable, moving be Gard 


plates shown 


shee Capacitor, Transformer, 
Shielding Variable, Shielded Air Core, Tuned 


: : Capacitors, Inductors, 
Wire, Shielded Variable, Ganged — Link Coupled 


Capacitor, 


Wire, Twisted Pair Dual Section 


Key 


Switch, Single Pole, 
Double Throw 


Cable, Coaxial =D» Coil or Inductor 


Variable 


Wire in cable s Coil ‘or Inductor, Switch, Rotary oF : 
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headset or the loudspeaker performs the opposite function of a micro- 
phone. When varying (a-f) currents flow through the windings on the 
permanent magnet of a headset, the diaphragm vibrates in accordance 
with these currents and thus produces audible sound waves propor- 
tional to the variations of current. A typical headset is shown in 
figure 21, with the circuit diagram symbol. One type of loudspeaker 
works on much the same principle as the headset; but instead of a 
metal diaphragm, the loudspeaker uses a paper cone, moved by a small 
armature, for setting up audible sound waves. Figure 22 shows a 
loudspeaker of this type removed from its cabinet. 
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Table V. Tabulation of common radio symbols—Continued. 










Device 
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Throw (typical) 








Connector, 
Female 
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Selector Switch 
(typical) 
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Filled 














Beam Tetrode 
Vacuum Tube 





Switch, Power Dry Cell or Battery 










Vacuum Tube, 
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Voltage Regulator @ 
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Headset 
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Jacks Loud Speaker Triode, Octal Base 
Plug, Microphone, PES ee . Macovanlune: 
9 Pp airy”) Microphone Triode, Octal Base 


Headset or Speaker mar PT 0 ae 





Plug for power 


Cathode, 
outlet 


Thermionic 











Vibrator 





Cathode, 
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Crystal 









Connector, 
Polarized, 
Male 


Filament 






a Oxide Rectifier 
Connector, 
Polarized, 
Female 





Connector, 
Twistlock, 
Female 


Plate or Anode Lamp or Pilot Light 








Connector, 
Polarized, 2-Wire, 
Male 


Beam Forming 


Electrodes Voltmeter 








TL-C897-2 


Insulators 


In addition to the metal materials which conduct electricity very 
readily (such as copper and iron), it is often necessary to have other 
materials which offer a very high resistance to the flow of current, in 
order to prevent the electricity from “straying away” at points where 
physical support is essential. Such materials are known as insulators. 
While a perfect insulator does not exist, there are some materials, such 
as porcelain, glass, and ceramic materials, which effectively prevent 
any leakage. It is important to note that insulators which are satis- 
factory for power purposes may not be suitable for radio work. In 
radio circuits which operate with microwatts of energy, any minute 
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SYMBOL 
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Figure 22. Permanent magnet loudspeaker and cabinet. 


leakage of current is of definite concern. The dielectric bars which 
insulate the stator plates from the frame of a variable air capacitor 
must be kept clean to prevent any stray leakage. Any slight leakage 
currents on insulator surfaces, such as tube bases and sockets, are also 
important. In general, it is well to keep radio insulators away from 
strong electric fields, and to maintain all insulators dry and clean. 


18. Symbols 


a. It is not practical to show radio circuit diagrams in the form of 
photographs or drawings of the actual parts or components, since only 
the outer appearance of the parts would be shown, leaving the inner 
workings obscure. Therefore, in radio circuit diagrams (also known 
as schematic diagrams) special symbols are used to represent the various 
circuit elements and parts, in order to simplify the drawings. Symbols 
for the various types of resistors, inductors, and capacitors have already 
been introduced, and a complete list of all commonly used symbols 
is given in table V. The student should refer to this list whenever in 
doubt about the identification of any part of a circuit diagram. 

b. The more common symbols explain themselves by their own 
appearance, but some may cause confusion. An arrow point, for 
example, may have varied meanings. At the end of a line which seems 
to be continuing out from the schematic diagram, the arrow point 
signifies that there is more of the circuit than is shown. Arrows along 
circuit lines may indicate the direction of the signal current through 
the apparatus. If the arrow point rests against a piece of equipment 
it probably means that there is a contact which 1s capable of movement 
or adjustment. Finally, an arrow drawn diagonally through any other 
symbol means that the device is adjustable smoothly and continuously, 
as, for example, a variable resistor or a variable inductor. 
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19. General 


a. Tuned. circuits are combinations of circuit elements so arranged 
that they produce a desired effect in the radio cireuit. Both transmitters 
and receivers depend on tuned circuits for their operation on the desired 
frequency. And if it were not for tuned circuits operating In conjunc- 
tion with vacuum tubes, modern radio would not be possible. 

b. In radio receivers tuned circuits are necessary not only for the 
selection of desired signals, but also for the rejection of undesired 
signals. The ability of a receiver to select the desired frequency while 
rejecting the undesired frequencies is called selectivity. The selectivity 
of a receiving set is entirely dependent on the proper operation of its 
tuned circuits. If the tuned circuits are not functioning properly, if 
they are improperly tuned, or if any of the parts of which they are 
constructed are defective, then the sensitivity of the set (ability to 
receive weak signals) will either be considerably reduced or the receiver 
will not work at all. 

c. In radio transmitters, not only are tuned circuits depended on for 
operation on the desired frequency, but the entire process of r-f power 
generation and amplification is dependent on the proper functioning of 
tuned circuits. If the tuned circuits of a radio transmitter are not 
operating properly due to a defective part or if they are incorrectly 
tuned, the power output of the transmitter (and consequently the 
transmission range) will either be considerably reduced or the trans- 
mitter will become entirely inoperative. 


20. Curves and Graphs 


In radio work, curves and graphs are widely used to show the 
operation of parts and circuits, because a single curve or graph will 
explain the operation of the part or circuit more simply than a long 
description in words. A curve or graph gives a picture of what is 
happening to one value in a circuit as another value is changed. Curves 
and graphs used in newspapers and magazines, showing business trends 
or changes in the population over a period of time, are all familiar. The 
curves and graphs used in radio work are constructed and read in 
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exactly the same manner. They can show the voltage in a circuit in 
relation to frequency, the reactance of a circuit element in relation to 
frequency, or the voltage in a circuit in relation to current. For example, 
in section II it was shown that the reactance of a capacitor decreases 
as the operating frequency is increased. This relationship can be shown 
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Figure 23. Graph showing reactance of 0.5 uf capacitor from 
80 to 1,000 cycles per second. 


on a graph, illustrated in figure 23. Hach point on this graph shows the 
value of reactance of the capacitor for a different frequency. Point A 
shows that the reactance of the capacitor is approximately 6,400 ohms 
at a frequency of 50 cycles per second. Graphs will be extensively used 
in this section to indicate what happens in tuned circuits. 


21. Resistance, Reactance, and Impedance 


a. A resistor presents the same resistance to the flow of alternating 
current as it does to direct current. The opposition offered to the flow 
of alternating current by inductors and capacitors is called reactance. 
If a circut contains both resistance and reactance, the total opposition 
offered to the flow of alternating current is called the impedance of the 
circuit. The impedance of a circuit is the combined effect cf resistance 
and-reactance in opposing the flow of alternating current. Impedance 
is measured in ohms. 

b. The effect of inductive and capacitive reactance on current and 
voltage is of important concern in radio work. Inductive reactance, in 
addition to increasing as the frequency is increased, has another effect 
which plays an important part in tuned circuits: it not only opposes 
the flow of alternating current, but also causes it to lag a fraction of a 
cycle behind the applied voltage, as shown in figure 24. If a circuit 
contains only inductive reactance, the current will lag behind the 
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voltage by exactly one-quarter of a cycle, or 90°. Capacitive reactance 
has just the opposite effect: it causes the current to lead the voltage by 
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Figure 24. Effect of inductive reactance. 
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a fraction of a cycle, as shown in figure 25. If a circuit contains only 
capacitive reactance, the current will lead the voltage by 90°. 
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Figure 25. Effect of capacitive reactance. 


c. Instead of referring to fractions of a cycle as one-half of a cycle, 
or one-quarter of a cycle, in radio work parts of a cycle are expressed 
in degrees: one full cycle equals 360°, one-half cycle equals 180°, or one- 
quarter cycle equals 90°, ete. If two voltages, or a voltage and a current, 
do not reach their maximum and minimum values at the same time in a 
circuit, the difference between the two is expressed in degrees. This 
effect is called the phase shift, or the phase difference. For example, if 
the current in a circuit either lags or leads the voltage by one-quarter 
of a cyele, or 90° it is said that the two are 90° out of phase, or that 
there is a phase shift of 90°. If the current and the voltage in a circuit 
reach their maximum and minimum values at exactly the same time, 
it is said that they are in phase. : 

d. Since inductive reactance causes the current to lag 90° behind the 


4 voltage, and capacitive reactance causes it to lead the voltage by 90°, it 
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can be seen that the difference in the two effects is 180° (or one-half of 
a eycle). Since one half of a cycle is positive and the other half is 
negative, a change of half of a cycle, or 180°, will represent a change 
in polarity. Therefore, the effect of inductive reactance can be con- 
sidered as positive reactance, and capacitive reactance can be considered 
as negative reactance. 


22. Reactance Calculations 


a. Since inductive reactance is proportional to inductance and 
frequency, a simple formula can be used to determine the inductive 
reactance of a coil. 


Ape Ont 
Where X, = the amount of inductive reactance in ohms, 
iL = the inductance of a coil in henrys, 
and f = the frequency in cycles per second. 


2x is a mathematical constant used a great deal in radio work; it is 
equal to about 6.28. 

Example: Find the reactance of a coil of 5 henrys at a frequency of 
60 cycles per second. 


X, = 6.28 & 60 « 5 
— 1,884 ohms of inductive reactance. 


Example: Find the reactance of an inductance of 6 millihenrys at 
a frequency of 1,000,000 cycles per second. 


X 7, = 6.28 & 1,000,000 « 0.006 
= 37,700 ohms of inductive reactance. 


It should be observed that inductances expressed in subdivisions of the 
henry must be converted into henrys before substituting in the formula 
for reactance. 

b. Since the amount of energy stored in a capacitor (for a given 
voltage) is fixed by the actual capacity, the total amount of energy 
stored (and subsequently restored to the circuit) in 1 second will be 
greater when the capacitor is charged many times per second than 
when it is charged only a few times per second. Therefore, the current 
flow will be proportional to the frequency and to the capacitance of 
of the capacitor, and the reactance will be inversely proportional to 
the frequency and the capacitance. The formula for capacitive react- 
ance 1s— 


_ i 
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where X,— the amount of capacitive reactance in ohms, 


C =the capacitance of a capacitor in farads, 2 
f =the frequency in cycles per second, 
and 2x — about 6.28. 


Example: Find the reactance of a 2-microfarad capacitor at 60 
cycles per second. 


i. 
6.28 « 60 « 0.000002 
— 1,330 ohms of capacitive reactance 


oe 


It should be observed that capacitance in the above formula must be 
represented in farads. 


23. Series Resonance 


a. If a coil and a capacitor are connected in series with a variable- 
frequency source of alternating current (fig. 26), the combination of 
parts is called a series-tuned circuit, or a series-resonant circuit. Since 
the windings of the coil in such a circuit will produce a certain amount 
of resistance, the effect of this resistance must be considered in the 
operation of the circuit. This resistance 1s indicated in figure 26 as 
a resistor R. If the a-c source is set at a low frequency, it is found 
that the greatest opposition to the flow of current in the circuit is the 
reactance of capacitor C (since capacitive reactance increases as the 
frequency is decreased). If the a-c source is set at a high frequency, 
it is found that the greatest opposition to the flow of current is the 
reactance of inductor L (since inductive reactance increases as the 
frequency is increased). In other words, at low frequencies the react- 
ance of the circuit is mainly capacitive, while at high frequencies the 
reactance is mainly inductwe. 
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Figure 2¢. Series-resonant circuit. 


b. At some frequency between the high and low extremes, the induc- 
tive reactance will be equal to the capacitive reactance. This frequency 
is known as the resonant frequency of the circuit, and it is sald that 
the series circuit is tuned to this frequency. Since the inductive 
reactance in the circuit produces a positive effect, and the capacitive 
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reactance produces a negative effect, when they become equal in amount 
at the resonant frequency they cancel each other, so that the only 
opposition to current flow in the circuit is that offered by the resistor Ff. 

c. The current flowing in the series circuit of figure 26 can be 
measured by means of meter A. If the source frequency is increased 


CURRENT} 
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Figure 27. Current flow in series-resonant circuit, 


gradually from a low to a high value, the current will rapidly increase 
until it reaches a maximum value at the resonant frequency, and then 
rapidly decrease, as shown by the graph in figure 27. 

d. Since the current flow in a circuit is determined by the impedance 
of the circuit, the impedance of a series-tuned circuit is at its lowest, 
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Figure 28. Impedance curve of series-tuned circutt. 


or minimum value at the resonant frequency, and becomes greater on 
either side of the resonant frequency. (See fig. 28.) 

e. Since the voltage drop across each element of a circuit will be 
proportional to the current flowing in the circuit and to the opposition 
offered by each element to the current flow, and since the current 
flowing in a series cireuit is maximum at the resonant frequency, the 
voltage appearing across each of the elements in the circuit will also 
be greatest at resonance. Although the voltages across the coil and 
capacitor of the series circuit in figure 26 are equal in amount and 
opposite in polarity at the resonant frequency (and so cancel each 
other as far as the total circuit voltage is concerned), each of these 
voltages is very high. Either one of them can be used to operate other 
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radio circuits (such as vacuum tube circuits), since a very strong 
signal (amplification) can be obtained at the resonant frequency. This 
voltage amplification of radio signals at the particular frequency to 
which the circuit is resonant is one of the most important effects of 
tuned circuits. 

f. A circuit is at resonance when the inductive reactance is of the 
same value as the capacitive reactance. If the value of either the coil or 
the capacitor is changed, the resonant frequency of the circuit is changed. 
If either the capacitance or the inductance is increased, or both of 
them are increased at the same time, the resonant frequency of the 
circuit is decreased. Conversely, if either the capacitance or inductance 
is decreased, or both of them are decreased at the same time, the resonant 
frequency is increased. Thus, by making either the inductor or capaci- 
tor in the circuit variable, the circuit can be tuned (or resonated) over 
a wide range of frequencies. The limits of the frequency range over 
which the circuit can be tuned will depend on the value of the fixed 
element, and the maximum and minimum values of the variable element. 
It is usually more convenient and more efficient to make the capacitor 
the variable element in a tuned circuit. For this reason variable 
capacitors, together with fixed inductance coils, make up the tuned 
circuits of practically all modern radio transmitters and receivers. 

g. The resistance present in a resonant-tuned circuit determines the 
amount of selectivity of which the circuit is capable. Resonance curves 
for three different values of resistance (# in fig. 26) are shown in 
figure 29. These are the same type of curve as that shown in figure 27, 
where current is plotted against frequency at resonance. The resonance 
curves of figure 29 demonstrate the practicability of a tuned circuit 
as a selective device. The current flowing in a tuned circuit, when 
equal voltages of many different frequencies are applied to its terminals, 
is composed principally of frequencies equal to, or nearly equal to, 
the resonant frequency of the circuit. As resistance is added to the 
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Figure 29. Resonance curves showing broadening effect of series resistance. 
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circuit, the current is attenuated in such a manner that a more nearly 
uniform but reduced resonance curve (or response) is obtained. Thus, 
resistance in the circuit acts to reduce the selectivity. It may also be 
' shown that the effect of shunt resistance across either the inductor or 
the capacitor will likewise reduce the selectivity. Occasionally resist- 
ance is deliberately introduced into a radio circuit for the purpose 
of broadening the range of frequencies to which the circuit responds, 
although generally the inherent resistance of the circuit is more than 
enough for this purpose. 

h. Series-tuned circuits are often used in the antenna systems of 
transmitters and receivers. They are particularly well suited to the 
antenna circuit requirements of transmitters, since maximum current 
flows in them at the resonant frequency. This means that maximum 
current will flow in the antenna at the desired operating frequency, 
and consequently there will be a maximum radiation of power at this 
frequency. Series-tuned circuits are also used as wave traps, or filters 
(see par. 26). 


24. Parallel Resonance 


a. If a coil and a capacitor are connected in parallel (fig. 30), the 
combination of parts is called a parallel-tuwned circuit, or a parallel- 
resonant circuit. As in the series-tuned circuit of figure 26, whatever 
resistance may be present in the circuit because of the circuit elements 
is indicated on the diagram by the resistor AR. Since the coil and 
eapacitor of the parallel-tuned circuit are both connected across the 
line from the variable-frequency source of alternating current, there 
are two paths through which the current may flow: one path through 
the coil, and one path through the capacitor. If the a-c source is 
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Figure 80. Parallel-resonant circuit. 


set at a low frequency, most of the current will flow through the coil, 
since the reactance of the coil will be small for low-frequency alternating 
current, and the reactance of the capacitor will be high. If the a-e 
source is set at a high frequency, most of the current will flow 
through the capacitor, since its reactance will be small for high 
frequencies, while the reactance of the coil will be high. 
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b. At the resonant frequency, just as in the case of the serles-tuned 
circuit, the reactance of capacitor C will be equal to the reactance of 
inductor L. However, unlike the series circuit, since the two circuit 
elements are in parallel, the current flowing through the inductive 
reactance (coil L) will be opposite in polarity to the current flowing 
through the capacitive reactance (capacitor C). Since the inductive 
reactance is equal to the capacitive reactance at the resonant frequency, 
the currents flowing through the two reactances will be equal in value 
as well as opposite in polarity, and consequently they will cancel 
each other. 

c. The current flowing in the parallel circuit of figure 30 can be 
measured by the meter A. If the source frequency is varied from a 
low frequency through the resonant frequency to a high frequency, 
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Figure 31. Current flow in parallel-resonant circuit. 


the current will rapidly decrease from its highest value at the low 
frequency to a minimum at the resonant frequency, and will then rise 
again to a high value at the high frequency, as shown by the graph 
of figure 31. | | 

d. The line current is the difference between the currents flowing ~ 
through the inductive and capacitive branches of the circuit, as 
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Figure 32. Flow of currents through branches of parallel-resonant circuit. 


shown by the graph of figure 32. Because of the presence of some 
resistance, the two branch currents can never cancel each other com- 
pletely. The lower the resistance, the lower is the line current. Although © 
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the line current may be very small, the current circulating between the 
coil and the capacitor may be very large. | 

e. Since the total current, or line current, in a parallel-resonant 
circuit is minimum at the resonant frequency, the impedance of the 
circuit (or the total opposition to current flow) must be at a maximum 
at resonance and decrease on either side of the resonant frequency, 
as shown by the graph in figure 33. 
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Figure 33. Impedance curve of parallel-resonant circuit. 


f. The selectivity of a parallel-tuned circuit is inversely related to 
the resistance in either branch of the circuit ; that is, increased resistance 
in either branch of the parallel circuit acts to decrease the selectivity. 

g. For a fixed frequency of the a-c generator in a circuit such as is 
shown in figure 30, a variation of the capacitor C is accompanied 
by a variation of the ammeter (line current) reading as the impedance 
of the circuit changes. Minimum current in the line indicates that 
there is a maximum circulating current within the parallel-tuned 
circuit. A parallel-resonant circuit in a radio transmitter is tuned in 
this manner, by watching for a dip in the ammeter reading. 

h. The impedance of parallel-tuned circuits is very high at the 
resonant frequency and low at all other frequencies. For this reason, 
they are used with vacuum tubes to generate, detect, or amplify signals 
of a given frequency. Vacuum tubes are comparatively high-impedance 
devices, and for proper operation must be connected to high-impedance 
circuits, such as parallel-tuned circuits. Parallel-resonant circuits are 
also used as filters (par. 26). A third important use of the parallel- 
tuned circuit is in the principle of the tank circuit employed in 
radio transmitters. | 


25. Tank Circuit Principle 


a. If the capacitor in a parallel-tuned circuit is charged by means 
of a battery (direct current) and the battery is then disconnected, 
an alternating current of very short duration will be generated at the 
resonant frequency of the circuit. 

b. This current 1s produced in the following manner : 
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(1) The capacitor will discharge into the inductor, causing current 
to flow through it. This current flow builds up a magnetic field 
around the inductor. : 

(2) Ag the capacitor becomes discharged, the current flow stops 
and the field collapses. 

(3) A voltage, of such polarity that it causes the current to con- 
tinue to flow in the same direction, is induced in the coil by the 
collapse of the field. 

(4) This current flowing into the capacitor charges it with a voltage 
of opposite polarity to the original charge from the battery. The 
capacitor now discharges in the opposite direction through the inductor, 
and the process is repeated. | 

(5) To summarize, then, the energy in the circuit which originall 
came from the battery is first stored in the capacitor as a charge 
and then is transferred to the magnetic field around the inductor by 
the current flowing in the circuit. This current is alternating, since 
it reverses its direction at the resonant frequency of the tuned circuit. 

c. This process would repeat itself indefinitely if the circuit con- 
tained no resistance. But since all circuits contain at least some 
resistance, the process will continue only until the energy which has 
been applied to the circuit has been dissipated, or used up, by the 
circuit resistance. 

d. In order to produce a sustained alternating current, it is only 
necessary to supply sufficient power to such a parallel-tuned circuit 
to overcome the losses due to its resistance. It is possible to do this 
in certain vacuum tube circuits used in transmitters as will be explained 
later. Alternating currents generated in such parallel-tuned tank 
circuits are called oscillatory currents. It is because such a parallel- 
tuned circuit can store power for a time that it is called a tank curcurt. 
26. Filters 

a. Filters are necessary for selecting energy at certain desired 
frequencies and for rejecting energy at undesired frequencies. Individual 
capacitors and inductors have properties in a cireuit which make 
them suitable either singly or in combination with each other, for 
use as wide-frequency-range filters; low-pass filters and high-pass 
filters are two examples of this type. Resonant-tuned circuits are 
also employed as filters for the passage or rejection of specific fre- 
quencies; band-pass filters and band-rejection filters are examples 
of this type. 

b. Individual capacitors and inductors have a characteristic frequency 
range discrimination. Inductors tend to pass low a-c frequencies and 
retard high frequencies; capacitors tend to pass high a-c frequencies 
and retard low frequencies. This retarding effect 1s know as attenuation. 
Figure 34 presents a pictorial concept of currents which flow in series 
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Figure 34, Filter action of individual series capacitors and inductors. 


circuits corresponding to various applied potentials. The characteristic 
frequency discrimination of large and small capacitors and of large 
and small inductors is shown for four different types of input signals: 
a-f, r-f, a-f and r-f, and a-f and r-f with d-c component. The attenua- 
tion of certain of these input frequencies should be noted. Resistances 
do not provide any filtering action in themselves, for they impede 
all currents which pass through them, regardless of frequency. The 
less the resistance in a filter circuit, however, the sharper will be the 
dividing line between the frequencies which pass and those which 
are blocked or attenuated. 

c. A low-pass filter is designed to pass all frequencies below a pre- 
determined critical frequency, or cut-off frequency, and substantially 
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reduce, or attenuate, currents of all frequencies above this cut-off 
frequency. Such a filter is shown in figure 35 with a graph of a 
typical cut-off characteristic. The low-pass filter will also pass direct 
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Figure 35. Low-pass filter and its frequency-current characteristic. 


eurrent and extremely low alternating current without opposition, 
and is therefore widely used to filter, or smooth, the output of radio 
power supplies. This smoothing action is explained more fully in 
paragraph 35c. 

d. A high-pass filter is designed to pass currents of all frequencies 
above the predetermined cut-off frequency, and retard, or attenuate, 
the currents of all frequencies below this cut-off frequency. The 
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Figure 36. High-pass filter and its frequency-current characteristic. 


inductor and capacitor of the low-pass filter have merely been inter- 
changed to make the high-pass filter (fig. 36). Since all frequencies 
below the cut-off frequency are greatly attenuated a filter of this 
type will stop the flow of direct current in most cases. 

e. Resonant (tuned) circuits have certain characteristics which make 
them ideal for a certain type of filter, where high selectivity is desired. 
A series-resonant circuit offers a low impedance to currents of the 
particular frequency to which it is tuned, and a relatively high 
impedance to currents of all other frequencies. A parallel-resonant 
circuit, on the other hand, offers a very high impedance to currents 
of its natural, or resonant, frequency, and a relatively low impedance 
to others. 

f. A band-pass filter is designed to pass currents of frequencies 
within a continuous band, limited by an upper and lower cut-off 


45 


frequency, and substantially fo reduce, or attenuate, all frequencies 
above and below that band. A typical band-pass filter 1s shown in 
figure 37, with a graph illustrating the band of frequencies which it 
will pass. The series- and parallel-resonant cireuits are all tuned 
to the frequency band desired. The parallel-tuned circuits offer a 
high impedance to the frequencies within this band, while the series- 
tuned circuit offers very little impedance. Thus, these desired frequencies 
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Figure 37. Band-pass filter and its frequency-current characteristte. 


within the band will travel on to the rest of the circuit without being 
affected; but the currents of unwanted frequencies, that is, frequencies 
outside the band, will meet with a high impedance and be stopped. 
Band-pass filters are used in the tuned circuits of tuned r-f receivers. 
They are also used in certain sections of a superheterodyne radio recelver. 

g. A band-elimination filter, or band-rejection filter, is designed to 
suppress currents of all frequencies within a continuous band, limited 
by an upper and lower cut-off frequency and to pass all frequencies 
above and below that band. Such a band-rejection filter is shown In 
figure 38, with a graph of its frequency characteristic. This type of 
filter is just the opposite of the band-pass filter; currents of frequencies 
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Figure 38. Band-rejection filter and tts frequency-current characteristic. 


within the band are opposed, or stopped. The two series-tuned circuits 
and the parallel-resonant circuit are all tuned to the frequency band 
desired. The parallel-tuned circuit offers a high impedance to this band of 
frequencies only, and the series-tuned circuits offer very little imped- 
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ance; therefore, the signals within the frequency band are stopped. 
All other frequencies, that is, all frequencies outside the band,, pass 
through the parallel circuit which offers little impedance. 

h. A wave trap, sometimes used in the antenna circuits of radio 
receivers, is a form of band-elimination filter. There are two types 
of these wave traps: the parallel-tuned filter and the series-tuned 
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Figure 89. Parallel-tuned wave trap. 


filter. A parallel-resonant circuit, connected as shown in figure 39, 
is tuned to resonance at the frequency of the undesired signal; the 
wave trap then presents a high impedance to currents of this unwanted 
frequency, and allows currents of all other frequencies to enter the 
receiver. A series-resonant circuit, connected as shown in figure 40, 
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Figure 40, Series-tuned wave trap. 


can be tuned to resonance at the frequency of the undesired signal, 
and these unwanted currents will be effectively bypassed, generally 
to ground, without affecting currents of all other frequencies. 


27. Coupled Circuits: Transformer 


a. Since every radio recelver and transmitter 1s composed of a 
number of circuits, or stages, methods must be devised for connecting, 
or coupling the output of each stage to the input of the next circuit. 
One of the most widely used methods for transferring power from 
one stage to another is the tramsformer. Two important properties 
of the transformer are the turns and voltage ratio and the turns and 
ampedance ratio. (See TM 1-455.) 

b. The voltage ratio of a transformer is proportional to ws turns 
ratio. In other words,.if a transformer has twice as many turns of 
wire on its secondary as on its primary side, the secondary voltage 
will be twice the primary voltage. Conversely, if a transformer has 
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only half as many turns on its secondary winding as on its primary 
winding, the secondary voltage will be half the primary voltage. Thus, 
by using a transformer, it is possible either to step up or step down 
the a-c voltage appearing in a circuit. This property is widely used 
in radio circuits where it is necessary to step up the-signal voltage 
from one stage to the next. By using a step-up transformer it Is 
possible to obtain an actual voltage gain, or voltage amplification. 
c. The impedance ratio of a transformer 1s equal to the square 
of the turns ratio. Thus if a transformer has a turns ratio of 3 to 1 
(or three times as many turns on one winding as on the other), its 
impedance ratio will be 9 to 1, and the winding having three times 


as many turns will have nine times the impedance of the other winding. — 


By choosing a transformer with the proper turns ratio, it is therefore 
possible to match the impedances of two circuits. Among the require- 
ments placed on any system for transferring power from one eircult 
to another, impedance matching is one of the most important, since 


it is an electrical rule that in order to transfer the maximum power 


from one circuit to another, the impedances of the two circuits 
must be equal. 

d. For a practical example of impedance matching with a transformer, 
assume that a loudspeaker with an input impedance of 500 ohms is 
to be connected to an a-f amplifier stage with an output impedance of 
8.000 ohms. In order to transfer the maximum a-f power from the 
a-f amplifier to the loudspeaker, the output impedance of the amplifier 
must match the input impedance of the speaker. By applying the 
impedance-turns ratio rule, the impedance ratio of the amplifier to 
the speaker will be: 


8,000__ 16. 
500. I 


e. Since the impedance ratio of a transformer equals the square of 
the turns ratio, the turns ratio equals the square root of the impedance 
ratio. In the above problem, the impedance ratio is 16 to 1, and since 
the square root of 16 equals 4, the transformer must have a turns ratio 


-_ of. 4 to 1 in.order to match the amplifier to the speaker. 


28. Coupled Circuits: r-f Transformers 


a. The properties of the transformer just discussed hold true for all 
types including r-f transformers, provided that all of the magnetic 
lines of force which cut the primary coil also cut the secondary. How- 
ever, r-f transformers serve two purposes at the same time: they are 
used to couple the output of one stage to that of another stage, and, 
together with variable capacitors, they form the tuned circuits of radio 
sets. If an r-f transformer has one of its windings tuned by a variable 
capacitor in a circuit, it is called a single-tuned transformer; if both 
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of the windings are tuned by capacitators, it is known as a double-tuned 
transformer. 3 

b. Single-tuned transformers are used in the majority of r-f amplifier 
circuits in radio receivers. Such transformers usually have untuned 
primary coils and tuned secondaries. The number of turns on the 
secondary will depend on the frequency range to be covered by the 
tuned circuit; but the number of turns on the primary will depend on 
the desired voltage step-up in the transformer, and the output im- 
pedance of the circuit in which it is to be connected. The transference 
of energy from the primary to the secondary of a transformer is due 
to the field of one coil passing through the windings of the other. In 
the untuned transformer, the power transferred from one winding to 





Figure 41. Coupled cotls. 


the other will depend on how close one coil is placed to the other, and 
consequently how many lines of force of the field of one coil pass 
through the windings of the other. (See fig. 41.) If the two coils are 
placed close together, they are closely coupled; if the coils are placed 
some distance apart, they are loosely coupled. From this discussion it 
would seem desirable to couple the windings of an r-f transformer as 
closely as possible, in order to obtain the greatest possible power 
transfer. However, in the case of the tuned transformer, there is 
greater concern about the selectivity of the tuned circuit (formed by 
the tuned secondary winding of the transformer) than there is about 
the maximum power transfer. In other words, a reasonable power 
transfer is wanted at the resonant frequency, and minimum power 
transfer at all other frequencies. If the coils of the single-tuned r-f 
transformer are coupled too closely, the power transfer over all fre- 
quencies may be at a maximum, but the ratio between the power trans- 
ferred at the desired frequency and the power transferred at the 
undesired frequencies will be low, and consequently the selectivity will 
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be poor. On the other hand, if the coils are coupled too loosely, the 
power transfer even at the resonant frequency will be unsatisfactory, 
although the resulting selectivity may be excellent. Between these two 
extremes there is a certain degree of coupling which will give both 
satisfactory selectivity and good power transfer at the resonant fre- 
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Figure 42. Selectivity curves of a typical single-tuned r-f transformer, showing — 
variations in transfer of power with changes of frequency. 


quency. This degree of coupling is known as optimum coupling. 
Figure 42 shows the selectivity curves of a typical single-tuned r-f 
transformer for three different degrees of coupling between its primary 
and secondary coils. 

c. Double-tuned transformers have both primary and secondary 
windings tuned by capacitors, and are widely used in the intermediate- 
frequency amplifier stages of superheterodyne receivers. The double- 
tuned transformers used in such circuits are called i-f transformers 
(fig. 15@)), and must be carefully tuned to allow the passage of a very 
narrow band of radio frequency known as the intermediate frequency 
of superheterodyne receiver. The effect of the degree of coupling on 
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Figure 48. Selectivity curves of a typical double-tuned r-f transformer, 
showing variations in transfer of power with changes in frequency. 
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the selectivity of double-tuned transformers is more pronounced than 
in the case of the single-tuned transformer, since two circuits, both 
tuned to the same frequency, are coupled together. The double-tuned 
transformer has greater selectivity than the single-tuned r-f trans- 
former. The selectivity curve will be more sharply peaked and will 
have steeper sides, indicating better rejection of signals on either side 
of the resonant frequency. Figure 43 shows the selectivity curves of a 
double-tuned transformer for three different degrees of coupling. Com- 
pare these curves with those for the single-tuned transformer shown 
in figure 42; note the flat top on the curve for optimum coupling, indi- 
cating that a band of frequencies on either side of the resonant fre- 
quency will be passed by a double-tuned transformer with the proper 
degree of coupling. This band-pass effect is very important in the 
reception of radiotelephone signals, as will be seen later. Since 
double-tuned transformers will pass a narrow band of frequencies 
while rejecting all other frequencies, they are sometimes called band- 
pass filters. Note the double hump on the curve for overcoupling, in- 
dicating that a double-tuned transformer will have two resonant 
frequencies equidistant from the proper resonant frequency if the 
coupling is increased past the optimum point. 

d. The importance of maintaining the proper coupling between the 
coils of an r-f transformer cannot be overstressed. Overecouphng will 
reduce the selectivity of a set; loose coupling will reduce the sensi- 
tivity of the set. 


29. Coupled Circuits: Resistance Coupling 


a. Resistors are often used to couple the output of one circuit to the 
input of another, particularly in a-f amplifiers. Resistance coupling 
may be used to step down the voltage from one stage to another. (See 
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Figure 44. Resistance coupling used to step down voltage. 





fig. 44.) In this arrangement, if the tap on the resistor is placed halt- 
way between the ends of the resistor, the voltage applied to circuit two 
will be half the output voltage of circuit one. Other step-down voltage 
ratios may be obtained by moving the tap up or down the resistor. 

b. To resistance-couple two stages, and pass only alternating current 
from one to the other, as is the case in most radio circuits, a blocking 
capacitor is used (fig. 45). This form of resistance coupling, sometimes 
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Figure 45. Resistance coupling with blocking capacitor. 


known as resistance-capacitance coupling, has a moe use in the a-f 
amplifiers of radio receivers. 


30. Coupled Circuits: Inductance Coupling 


a. Inductance coupling is used mainly to couple the r-f amplifier 
circuits of radio transmitters, although it finds some application in the 
a-f circuits of receivers. Inductance coupling may be used to step 
down the voltage from one circuit to another in exactly the same way 
that resistance coupling is used in figure 44, except that a tapped in- 
ductor is substituted for the resistor shown. The step-down voltage 
ratio will be equal to the turns ratio of the total winding to the tapped 
portion. That is, if the section of the winding applied to circuit two 
has only one-third of the turns of the total winding, the voltage appear- 
ing across this portion of the winding will be one-third of the voltage 
across the whole coil. 

b. In like manner, inductance coupling may be used to step up the 
voltage from one circuit to another (fig. 46). The step-up voltage ratio 
also will be equal to the turns ratio of the total winding to the tapped 
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Figure 46. Inductance coupling used to step up voltage. 


portion. Thus, if circuit one is connected across one-third of the turns 
of the coil, the voltage appearing in circuit two will be three times as 
great as the voltage output of circuit one. Since the tapped inductor 
operates in much the same fashion as does the transformer, the tapped 
inductor is often called an autotransformer. 

c. Impedance matching can be accomplished with tapped inductors, 
in much the same way as with transformers. The rule is as follows: 
The impedance ratio of the whole coil to the tapped section equals the 
square of the turns ration of the whole coil to the tapped section. 
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d. In inductance coupling, as in resistance coupling, to prevent the 
flow of direct current from one circuit to the other, while allowing 
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Figure 47. Impedance-capacitance coupling used to step down voltage. 


the a-c signal to pass, a blocking capacitor is employed. This method 
of coupling is shown in figure 47, and is often called impedance-capact- 
tance coupling. 


31. Distributed Inductance and Capacitance 


a. In addition to the inductance and capacitance included in induc- 
tors and capacitors, there are distributed, or stray, mductance and 
capacitance effects present in miscellaneous components of radio instru- 
ments, as in connecting wires, switches, and sockets. These become of 
considerable concern at radio frequencies. 

b. Capacitive reactance is inversely proportional to the frequency 


(x:= 5-50) 


age is increased, the capacitance of the circuit offers less opposition to 
the flow of current. At high frequencies undesirably large currents 
may appear where negligible currents would flow at low frequencies. 
The capacitance which occurs between elements of a vacuum tube and 
between adjacent turns of a coil present a large capacitive reactance at 
the lower frequencies. However, at radio frequencies, the reactance may 
be reduced to such a point that the increased magnitude of the current 
flowing across it determines the upper frequency limit for the useful- 
ness of the associated circuit. 

c. Inductive reactance increases in direct proportion ie frequency 
(X,; = 2x7f L), or, as the frequency of an applied voltage is increased, 
the inductance of the circuit offers more opposition to the flow of cur- 
rent. A simple connecting wire, the inductive reactance of which may 
be insignificant at low frequencies, may have a sufficiently large induc- 
tive reactance at higher frequencies to render an instrument inoperative. 


This means that as the frequency of an applied volt- 


32. Effective a-c Resistance 


Fundamentally, a measure of the resistance of a circuit is given by 
the power dissipated as heat, when unit current is flowing in the circuit. 
In its broadest sense, the term “resistance” is taken to mean all effects 
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leading to dissipation of energy in such form that the energy is not 


recoverable for any useful purpose within the immediate system. Thus 
a radio antenna for transmitting is said to have a radiation resistance 
associated with radiative losses, that is, with the energy which is radi- 
ated into space; and a particular transmitter or receiver circuit. may 
be said to exhibit certain reflected resistance because of the power con- 
sumed by other circuits which it directly or indirectly supplies. With 
alternating current, for a given current magnitude, considerably more 
electrical power may be consumed than is required by the same circuit 
with direct current. The resistance which is indicated by a-c power 
consumption is called effective a-c resistance. Part of this additional 
power is required to maintain the heat losses accompanying parasitic 
circulating currents (eddy currents) which are induced in conductors 
of the circuit (in particular, in transformer cores) by the varying 
magnetic field. Another source of a-c electrical power dissipation is 
represented by dielectric and other losses. A further factor which 
makes for more required power for a given magnitude of alternating 
current is the skin effect: the tendency of alternating currents to 
travel with greater density near the surface of the conductor than at 
the center. This tendency increases with frequency. The magnetic field 
about a current-carrying conductor is more intense at the center of the 
conductor than it is near the surface of the conductor. Thus the back 
voltage set up by the rising and falling magnetic field is greater at the 
center than near the surface, and practically all of the current through 
a wire at high frequencies is confined to the outer surface of the conduc- 
tor. The result is increased heating for the same current, that 1s, 
higher resistance. The nonuniform distribution of current throughout 
the eross section of a conductor at high frequencies is more pronounced 
if the conductor is wound into the form of a coil than it is if it 1s used 
as a straight wire. At radio frequencies, the effective a-c resistance 
of a coil may be 10 or 100 times its true d-c resistance. Wherever al- 
ternating currents are studied, it is generally understood, if not spe- 
cifically stated, that resistance means effective a-c resistance. 
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33. Electron 


a. The whole foundation of electricity is based upon the electron, a 
minute negatively charged particle. Atoms, of which all matter 1s com- 
posed, consist of a positively charged nucleus around which are grouped 
a number of electrons. The physical properties of any material depend 
upon the number of electrons and the size of the nucleus. In all matter 
there are a certain number of free electrons. The movement of these 
free electrons is known as a current of electricity. If the movement 
of electrons is in one direction only, the current is direct. If, however, 
the source of voltage is alternated between positive and negative, the 
flow of electrons will likewise alternate; this is known as alternating 
current. 

b. If certain metals, or metallic substances such as metallic oxides, 
are heated to a high temperature either by means of a flame or by pass- 
ing current through them, they have the property of throwing off, or 
emitting, electrons. The element in a vacuum tube which is heated to 
emit electrons is called the cathode. 

c. If the cathode is heated to a high temperature in the open air, it 
will burn up because of the presence of oxygen in the air. For this 
reason the cathode is placed in a glass or metal bulb from which all air 
has been removed. Such a space is known as a vacuum. Since it 1s 
difficult to heat an element in a vacuum tube by means of fire or flame, 
the cathode, which is in the form of a filament, is directly heated by 
passing a current through it. | 

d. Any isolated positively charged body in the vicinity of the electron 
emitter will attract the negatively charged electrons. The positive 
charge on the body will soon be canceled by the electrons attracted to it 
unless some means is employed to remove the electrons as fast as they 
arrive. This can be done by connecting a source of constant voltage 
between the positively charged body and the electron emitter (fig. 48). 
This is the general arrangement in a two-element tube, or diode. It is 
also the basis of operation of all types of vacuum tubes. 

e. The emitter, or cathode, of a vacuum tube may resemble the 
familiar incandescent lamp filament which is heated by passing a 
current through it. The positively charged body usually surrounds the 
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TL-2644 
Figure 48. Emitted electrons attracted by a positively charged body. 


emitter and is called the plate, or anode. It should be noted that elec- 
trons travel from negative to positive. 

f. Two types of cathodes, or emitters, are used in radio tubes. In one, 
known as the filament or directly heated type, the heating current is 
passed through the cathode itself. In the other, known as the indirectly 
heated type, the current is passed through a heating element, which in 
turn heats the cathode to a temperature sufficiently high for electron 
emission. In the indirectly heated type, the cathode is an oxide-coated 
metal sleeve which is placed over the heater element. 

g. The higher the temperature of the cathode, the more electrons it 
will emit. However, if too much voltage is applied to a cathode, the 
heavy current flow will cause the filament or heater to burn out. The 
safe filament or heater voltage is determined by the manufacturer, and 
this voltage rating must be observed for satisfactory operation. The 
cathode of a tube will not continue to emit electrons indefinitely. After 
several thousand hours of operation, the number of electrons emitted 
will gradually decrease, until finally an insufficient number is emitted 
for proper operation. The decrease in emission capacity is due to the 
chemical change which takes place in the cathode. This 1s one of the 
reasons why tubes wear out. 


34, Operation of Diode 


a. The diode is the simplest type of vacuum tube, and consists of only 
two elements: a cathode and a plate. The operation of the diode depends 
on the fact that if a positive voltage is applied to the plate with respect 
to the heated cathode, current will flow through the tube; if a negative 
voltage is applied to the plate with respect to the cathode, current wil 
not flow through the tube. 

b. When the positive terminal of a battery is connected to the plate 
of a diode and the negative terminal is connected to the cathode, the 
plate will be positive with respect to the cathode. Since the electrons 
emitted by the cathode are negative particles of electricity, and there 
is a positive charge on the plate, the electrons emitted by the cathode 
will be drawn to the plate (fig. 49). In other words, there is an electron 
flow through the tube, which results in a current flow in the circuit. If 
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Figure 49. Electron flow in a diode when plate 1s positive. 


the flow of current in the circuit is measured by meter A (fig. 49) while 
the voltage applied to the plate (known as battery voltage or plate 
voltage) is increased, it will be seen that the current flow through the 
tube, known as the plate current, increases. This is illustrated by the 
plate-voltage plate-current curve of figure 90. 


S 


PLATE CURRENT 


PLATE VOLTAGE 
TL-2647 
Figure 50. Plate current flow in a diode. 


c. When the negative terminal of a battery is connected to the plate 
of the diode and the positive terminal is connected to the cathode (fig. 
51), the plate will be negative with respect to the cathode, and therefore 
no electrons will be attracted to the plate. Since no electrons are 
traveling across to the plate, no current will flow through the tube. 

d. The diode is a conductor when the plate voltage is positive, and is 
a nonconductor when the plate voltage is negative. This property of 
the diode permits the use of this tube for two very useful functions: 
rectification and detection. 


57 


tbo torey t 





ad apes Ame 

s ‘ o 

: = 
7 +o Nas 


PLATE 
BATTERY 


ze ges 
PE il [HA 
Figure 51. Diode action when plate is negative. 


35. Diode as Rectifier 
a. The ability of a diode to conduct, or pass, current in only one 
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direction makes possible its use as a rectifier to convert alternating 


current into direct current. A diagram of a simple diode rectifier 
circuit is shown in figure 52. If an a-c source is connected between the 
plate and the cathode of such a circuit, one half of each a-e cycle will be 
positive and the other half will be negative. Therefore, the plate of the 
diode will be made alternately positive and negative with respect to the 
cathode. Since the diode conducts only when the plate is positive, 
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Figure 52. Diode used as a half-wave rectifier. 


current flows through the tube only on the positive half-cycles of the 
a-c voltage, as shown in figure 53. Since the current through the diode 
flows in one direction only, it is direct current. This type of diode 
rectifier circuit is called a half-wave rectifier, since it rectifies only 
during one-half of the a-c cycle. 

b. It can be seen from figure 53 that this direct current is quite dif- 
ferent from pure direct current, since it rises from zero to a maximum 
and returns to zero during the positive half-cycle of the alternating 
current, and does not flow at all during the negative half-cycle. To 
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Figure 53. Output of a half-wave rectifier. 


distinguish this type of current from pure direct current, it is referred 
to as pulsating direct current, or rectified alternating current. 

c. To convert this rectified alternating current into pure direct cur- 
rent, the fluctuations must be removed. In other words, it is necessary 
to cut off the humps at the tops of the half-cycles of current flow, and 
to fill in the gaps due to the half-cycles of no current flow. This process 
is called filtering. In the circuit of figure 52, the d-c voltage output 
will appear across the load resistor R, because of the current flowing 
through it during the positive half-cycles. The capacitor C, having a 
small reactance at the a-c frequency, is connected across this resistor. 
This capacitor will become charged during the positive half-cycles, 
when voltage appears across resistor Rf, and will discharge into resistor 
& during the negative half-cycles, when no voltage appears across the 
resistor, thus tending to smooth out, or filter, the fluctuating direct 
current. Such a capacitor is known as a filter capacitor. It stores up 
voltage when it is present, and releases the voltage into the circuit 
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@ Without capacitor. 
@) With capacitor. 
Figure 54. Effect of filter capacitor. 


when it is needed. Figure 54 shows the voltage appearing across re- 
sistor &, both with and without a filter capacitor in the circuit. It will 


be seen that the addition of a filter capacitor alone is not enough to 
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remove completely the fluctuations or ripple; in fact, no amount of 
capacitance, however large, would completely eliminate this ripple. 
However, if a filter circuit is added to the half-wave rectifier, as shown 
by the complete circuit (fig. 55), a satisfactory degree of filtering can 
be obtained. In this circuit, capacitors C, and C, are both filter capac- 
itors, and fulfill the function described above. Inductor L is a filter 
choke having high reactance at the a-c frequency and a low value of d-c 
resistance. It will oppose any current fluctuations, but will allow 
direct current to flow unhindered through the circuit. The two filter 
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Figure 55, Filter circuit added to half-wave recttfer. 


capacitors C, and C, bypass the ripple voltage around the load resistor 
R, while choke coil Z tends to oppose the flow of any ripple current 
through the resistor. 

d. The disadvantage of the half-wave rectifier is that no current flows 
during the negative half-cycle. Therefore, some of the voltage produced 
during the positive half-cycle must be used to filter out the ripple. 
This reduces the average voltage output of the circuit. Since the circuit 
is conducting only half the time, it is not very efficient. Consequently, 
the full-wave rectifier, so called because it rectifies on both half-cycles, 
has been developed for use in the power supply circuits of modern 
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Figure 56. Full-wave rectifier circuit. 


receivers and transmitters. In the full-wave rectifier circuit shown in 
figure 56, two diodes are used, one conducting during the first half- 
cycle and the other during the second half-cycle. | 
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e. In the circuit of figure 56, the transformer has a center-tapped 
secondary winding, so that diode D, is connected to one half of this 
winding, while diode D, is connected to the other half. Resistor & is 
the load resistor common to both diodes. Capacitors C, and C, and 
inductor LZ form the filter circuit. During one half-cycle, the plate of 
diode D, will be positive with respect to the center tap of the trans- 
former secondary winding, while the plate of diode D, will be negative; 
consequently, diode D, will conduct while diode D, will be nonconduct- 
ing. During the other half-cycle, D, will be negative and nonconducting 
while D, will be positive and conducting. Therefore, since the two 
diodes take turns in their operation, and one of them is always con- 
ducting, current flows through the load resistor during both halves of 
the eycle. This is full-wave rectification. 

f. If no filter circuit were used in the full-wave rectifier circuit of 
figure 56, the d-c output voltage across the load resistor & would appear 

cs . 
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Figure 57. Output of a full-wave rectifier. 


as in figure 57. Obviously, this voltage waveform is much easier to 
filter than the half-wave rectifier output, and the action of the capacitors 
and inductors in smoothing out this waveform is the same as for the 
half-wave rectifier voltage. 

g. The circuit shown in figure 56 is the basis for all a-c operated 
power supplies used to furnish the d-c voltages required by trans- 
mitters and receivers. Note that the heater voltage for each of the two - 
diodes is taken from a special secondary winding on the transformer. 


36. Diode Characteristic Curves 


a. The plate-current plate-voltage curve shown in figure 50 is an 
important characteristic of the diode vacuum tube, because it shows 
the amount of current that a diode will pass for any given plate 
voltage. Different types of diodes may have slightly different char- 
acteristic curves. All of these curves, however, indicate one important 
fact: the load, or plate, current is not proportional to the applied, or 
plate, voltage. For this reason Ohm’s law is strictly applicable only to 
small increments, or changes, of currents and voltages. In general, 
current-voltage relations in vacuum-tube circuits are studied by means 
of experimentally obtained characteristic curves. 

b. The curved portions, or bends, in the graph of figure 50 are the 
result of certain variations in the action of the diode. When the plate 
voltage is low, the electrons nearest the cathode are repelled back to the 
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cathode by the accumulated emitted electrons which are a little farther 
from the cathode, and only those electrons which are nearest the plate 
are attracted to the plate. This repelling effect around the cathode is 
known as the space charge. For intermectiate values of the plate poten- 
tial, the space charge in the vicinity of the cathode is reduced by the 
attraction of more electrons to the positively charged plate, and any 
increase in plate potential produces an appreciable increase in current, 
as shown by the curve of figur> 50. For large values of plate potential, 
when the space charge is completely removed, the number of electrons 
reaching the plate per second is limited by the number emitted per 
second by the cathode, anc is independent of plate potential. This 
latter condition is referred to as saturation, and a place along the curve 
(point S in fig. 50) is called the saturation point. 


37. Operation of Triode 


a. The triode differs in construction from the diode only in the addi- 
tion of another element, called the grid. The grid is a cylindrical 
structure made of fine wire mesh, which is placed between the cathode 
and the plate of the tube so that all the electrons leaving the cathode 
must pass through it in order to reach the plate. Figure 58 is a drawing 
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Figure 58. Typical triode. 


which shows the arrangement of the grid, cathode, and plate in a typical 
triode. The grid is placed considerably closer to the cathode than is the 
plate, and consequently will have a very great effect on the electrons 
which pass through it. 

b. If a triode is connected in a simple circuit, as shown in flgeure 99, 
the action of the grid can be studied. When a small negative voltage 
(with respect to the cathode) is put on the grid, there is a resultant 
change in the flow of electrons within the vacuum tube. Since the 
electrons are negative particles of electricity, and like charges repel one 
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Figure 59. Triode with a small negative voltage on the grid. 


another, the negative voltage on the grid will tend to repel the electrons 
emitted by the cathode, and thus tend to prevent them from passing 
through the grid on their way to the plate. However, since the plate is 
considerably positive with respect to the cathode, its attraction for the 
electrons is sufficiently strong to enable some of them to pass through 
the grid and reach the plate in spite of the opposition offered them by 
the negative voltage on the grid. Thus, a small negative voltage on the 
erid of the tube will reduce the electron flow from the cathode to the 
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Figure 60. Effect of negative grid on plate-current flow. 


plate (fig. 60), and consequently will reduce the value of plate-current 
flow between the cathode and the plate of the tube. 

c. If the plate current in the circuit of figure 59 is measured by means 
of meter A, while holding the plate voltage constant and making the 
grid of the tube gradually more negative with respect to the cathode, 
the plate current will vary as shown in the grid-voltage plate-current 
curve of figure 61. Such a curve is also known as an Hg — Ip character- 
istic curve. From this curve, it can be seen that as the grid of the tube 
is made more negative, less plate current will flow, since the more 
negative the grid the fewer electrons it permits to pass on to the plate. 
In the case of this particular tube (type 6C5), it will be noted from the 
characteristic curve that if the grid is made sufficiently negative (— 10 
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Figure 61. Grid-voltage plate-current curve. 


volts), the plate current drops to zero. Thus, this value of negative 
erid voltage has cut off the flow of electrons within the tube. A negative 
voltage which is applied to the grid of a tube to hold its plate current 
flow at a given value is known as the grid-bias voltage, or more simply, 
the bias; that value of grid bias which will cut off the flow of plate 
current is called the cut-off bias for that tube. Since the plate current 
in a tube increases as the plate voltage is increased, the bias required to 
cut off plate current flow will increase as the plate voltage applied to 
the tube is increased. 

d. The triode is now connected in a circuit (fig. 62) where an a-¢ 
(signal) voltage is applied to the triode, in eddition to the grid-bias 
voltage. The a-c signal source is adjusted so that it applies 1 volt of a-¢ 
voltage to the circuit. Since the signal source and the 3 volts of negative 
bias are in series, on the positive half-cycle of the a-c signal there will 
be — 2 volts applied to the grid with respect to the cathode (+. 1—3= 


-— 2); on the negative half-cycle there will be — 4 volts on the grid 


of the tube (—1—3—=—4). From the grid-voltage plate-current 
curve shown in figure 61, it can be seen that when there is no a-c signal 
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Figure 62. Triode with an a-c signal on the grid. 


apphed to the tube, the plate current will be fixed at 8 milliamperes 
by the 3 volts of bias supplied by the bias battery. When the a-e signal 
is appled to the tube, on the positive half-cycles there will be — 2 
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Figure 68. Plate current waveform resulting from an a-c¢ grid voltage. 
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volts on the grid of the tube and the plate current will increase to 10 
milliamperes; but on the negative half-cycles there will be — 4 volts 
on the grid and the plate current will decrease to 6 milliamperes. 
Thus, a 1-volt a-c signal will cause a plate current change of 4 milli- 
amperes in this tube. This can be demonstrated graphically by showing 
the a-c voltage waveform on the grid-voltage scale of the Hg —TIp 
characteristic curve, and plotting the plate-current waveform on the 
plate-current scale of the graph (fig. 63). 

e. An examination of figure 63 will show that the waveform of the 
plate current variation is an exact reproduction of the waveform of the 
a-c voltage applied to the tube. By carrying this process further, it 
can be shown that if the negative bias is increased to 5 volts, so that 
the grid voltage varies from — 4 to — 6 volts over the a-c cycle, the plate 
current change will vary from 3 to 6 milliamperes, showing a total 
change of only 8 milliamperes. If the negative bias voltage is increased 
to 9 volts, so that the grid voltage varies from — 8 to —10 volts 
over the a-c cycle, then the plate current change will be only 1 milli- 
ampere. From this it can be seen that if the negative bias is increased, 
there is a resultant decrease in the plate current change for a given 
signal input. This method of controlling the output of a tube by 
varying the bias voltage is often used as a means of volume control, as 
will be shown later in the study of radio receiver. It should be noted, 
however, that if the grid voltage is increased to too high a negative 
value (fig. 64), there is noticeable distortion of the output plate 
current wave. Distortion also results if the cathode temperature Is 
lowered to such a degree that the emission is insufficient (fig. 64(@)). 
A distorted output is generally, but not always, objectionable. 


38. Triode Circuits; Plate Loads 


a. In order to make use of the variations in the plate current of a 
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Figure 64. Distortion due to high grid bias and low cathode temperature. 
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triode due to variations in grid voltage, some sort of a device must be 
present in the plate circuit of the tube to act as a load. This plate load 
ean be a resistor, an inductor, or a tuned circuit. 

b. A typical triode circuit with a resistor used as a plate load is 
shown in figure 65. If the tube in this circuit is biased at — 3 volts 
and the applied a-c signal voltage to the grid is 1 volt, the plate current 
variation of 4 milliamperes will produce a voltage variation of 40 
volts across the 10,000-ohm resistor. On the positive half-cycles, the 
negative voltage of 2 volts applied to the grid causes a current flow of 
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Figure 65, Triode using a resistor as a plate load. 
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10 milliamperes through the plate load resistor, thus producing a volt- 
age drop of 100 volts (by Ohm’s law). On the negative half-cycles, the 
negative voltage of 4 volts applied to the grid causes a current flow of 6 
milliamperes through the plate-load resistor, and a corresponding volt- 
age drop of 60 volts. The difference between these two voltage drops, or 
40 volts, is the voltage variation in the plate circuit produced by the a-c 
voltage applied to the grid. Thus it can be seen that a signal voltage 
change from — 1 to + 1 (or a total change of 2 volts) can produce a 
voltage change of 40 volts in the plate circuit; in other words, the 
original (grid) signal voltage has been amplified 20 times. This 
process is the basis for all vacuum-tube amplification. 

c. The use of a resistor as the plate load of a vacuum tube has one 
disadvantage: its resistance will reduce the actual d-c voltage applied 
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Figure 66. Triode using an inductor as a plate load. 
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to the plate of the tube, and so reduce the amplification of the tube. 
To overcome this loss in plate voltage, inductors are often used as plate 
loads of vacuum-tube circuits (fig. 66). By choosing an inductor which 
has a high value of reactance at the frequency of the alternating current, 
a large voltage will be built up across the reactance, because of the plate- 
current changes in the tube. However, the d-c plate voltage applied to 
the plate of the tube will be quite high, since the d-c resistance of an 
inductor may be very small, and consequently the amplification of the 
tube will be increased. 

d. If it is desired to amplify a signal of a given frequency, a tuned 
circuit which resonates at this frequency may be used for a plate load 
(fig. 67). Since the impedance of such a circuit will be very high at the 
resonant frequency, the signal voltage appearing across the tuned 
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Figure 67. Triode using a tuned circuit as a plate load. 
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circuit will also be high. By using a tuned circuit as the plate load for a 
vacuum tube, it is possible to obtain the amplification only at the 
resonant frequency of the tuned circuit. The circuit of figure 67 is 
typical of the r-f amplifier circuits used in radio transmitters. 


39. Triode Circuits; Biasing Methods 


a. There are several different methods of obtaining a negative grid- 
bias voltage for a triode. The simplest of these is the fixed bias, where a 
suitable negative voltage is obtained from a fixed source, such as bat- 
teries or a rectifier power supply. Examples of this type of bias are 
shown in figures 59, 62, and 65. 

b. A vacuum-tube circuit can be arranged to produce its own bias, 
and such a method is known as self-bias. One type of self-biasing, 
called the cathode-return-resistor bias, is shown in a triode-amplifier 
circuit in figure 68. In this circuit, the plate current from the battery 
flows through the cathode resistor on its way through the tube and back 
to the battery through the plate-load resistor. Since the current 1s 
flowing through the cathode resistor toward the cathode, there will be a 
voltage drop across this resistor which will make the grid negative with 
respect to the cathode. This is the proper condition for biasing. The 
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Figure 68. Triode amplifier circuit with self-bias. 
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convenience of this type of bias is obvious, since it eliminates the need 
for a separate source of bias voltage. For this reason, cathode-resistor 
bias is widely used in both transmitters and receivers. Omission of the 
shunt capacitor, or too small a value of this capacitor, produces degen- 
eration (par. 102c) as a result of the variations of grid bias which then 
accompany the a-c pulsations of the plate current. This capacitor should 
have a low reactance at the signal frequency, thus keeping the cathode 
resistor from dropping the a-c signal voltage as well as the d-c plate 
voltage. 

c. Another form of self-bias is called the grid-leak bias, and is used 
under conditions where grid current flows. Two examples of this type 
of bias are shown in figure 69. The bias results from the drop in poten- 
tial across the resistor when grid current flows on positive a-c signal 
swings. This resistor is called a grid-leak. The capacitor across the 
leak offers a low impedance to alternating current, so that the bias 1s 
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@ Shunt arrangement. @) Series arrangement. 
Figure 69. Grid-leak bias circutts. 


essentially steady in character and is a function of only the magnitude, 
or size, of the grid current. A disadvantage of erid-leak bias is that if 
for any reason the excitation is removed, the bias 1s removed also, and 
the plate current may assume dangerous proportions, causing damage 
to the vacuum tube. 

d. To combine the advantage of grid-leak and battery (or fixed) bias, 
transmitter amplifiers often use a combination of both types in series. 


69 


Some types of amplifier tubes are conveniently designed, as regards bias 
supply, to operate with the grid at cathode potential; these are known 
as zero-bias tubes. 


40. Triode Characteristic Curves 


a. There are two general types of characteristic curves for triodes. 
One is for the case of no load in the plate circuit, and is called the 
static characteristic curve; the other is for the case of a load in the 
plate circuit, and is known as the dynanuc characteristic curve. Use 
has already been made of the static curve in figures 61, 63, and 64, where 
the tube was operating without a plate load. In practice, however, the 
output of a tube feeds into some sort of load which can be represented 
by a resistance value (assumed to be the equivalent of the load). This 
results in dynamic characteristic curves that reflect more accurately 
the operating conditions of the tube. A comparison of the static and 
dynamic curves, with the two circuits that are used to obtain each, is 
shown in figure 70G). The difference in the slope of the two curves is 
due to the fact that the plate-to-cathode potential for no load is constant 
regardless of the plate current, whereas with a load in the plate circuit 
the potential across the load (and consequently the plate-to-cathode 
potential) varies with the current. Assume that the normal operating 
point is the same for the tube with or without external load; that is, 
regard the operating point as the point of intersection of the two curves 
of figure 70@). Without an external load (fig. 70@)) on a positive 





@ Without external load. @ With external load 
(3) Corresponding characteristics. 
Figure 70. Triode characteristic curves. 


swing of signal potential A (fig. 70@)), the plate current rises by an 
amount B. With an external load (fig. 70@)), the increase in current 
which follows a positive grid swing is in turn accompanied by a 
potential drop (J & F) across the load resistor (as read by voltmeter 
V.).. Thus the potential available across plate to cathode within the 
tube (as read by voltmeter V,) is reduced; and the consequent increase 
in current C is less than it was under the no load condition. On the 
negative half-cycle of the signal voltage, the plate current is reduced, 
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and the potential drop across the load is less than it is when no signal 
is applied. Thus the voltage across the tube rises, so that the available 
plate-to-cathode potential exceeds the corresponding value under the 
no load condition. A typical set of static plate-current grid-voltage 
curves for various plate potentials is shown in figure 71. Many hand- 
books on vacuum tubes confine the characteristics illustrated to families 
of curves of the static type. 
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Figure 71 Plate-current vs. grid-potential curves for triode. 


b. Observe from the set of static characteristic curves of figure 72, 
that of the three quantities, grid potential, plate potential, and plate 
current, any two will determine the third. Thus, corresponding to a 
plate current of 10 milliamperes and a plate potential of 50 volts, the 
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Figure 72. Plate-current vs. plate-voltage curves for a triode. 


required grid potential is — 8 volts. Suppose it is desired to obtain 
these same relations—plate current, 10 milliamperes; plate potential, 50 
volts; and grid potential — 8 volts—with a load resistance of 4,000 
ohms. This requires a total plate-supply potential of 50-+ [4,000 x 
(10/1,000)] volts = 90 volts, 50 across the tube and 40 across the 


‘load resistance. The current in the load resistance follows Ohm’s law, 


that is, the current through the resistance is proportional to the 
potential across it. This proportionality can be represented by a 
straight line on the current-voltage graph of figure 73. The line is 
determined by any two points on it, two convenient points being P and 
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Figure 73. Load line for a triode. 


Q, as in figure 73@. P is for a current of 10 milliamperes and a 
voltage drop across the resistance of 40 volts (50 volts across the tube) ; 
Q is for zero current and zero drop across the resistance (90 volts 
across the tube). If P is taken as the normal operating point, the grid 
swing due to an impressed signal voltage will cause variations along 
this load line in both directions from P. Corresponding to an in- 
stantaneous grid potential of 10 volts, the plate current, plate voltage, 
and voltage across the load can be found by following the 10-volt 
characteristic to where it intersects the load line. From the curves of 
figure 73@), this yields 16 milliamperes plate current, 25 volts plate 
potential, and 90 — 25 = 65 volts drop across the load. The family 
of plate-current plate-potential curves is thus useful in determining 
the limitations of a particular tube under various operating conditions. 
A particular tube can be selected to fit certain circuit constants, or 


vice versa, with the aid of the information contained in the vacuum- 


tube characteristics. 


41. Special Characteristics of Vacuum Tubes 


a. Since many different types of vacuum tubes are used in modern 
radio circuits, it is important to have different means of classifying 
these tubes according to the performance which may be expected of 
them. Among these characteristics, as they are called, are the amplvfica- 
tion factor, the mutual conductance, and the plate resistance of the tube. 

b. The amplification factor », or mu, of a tube is the ratio of the 
plate-voltage change and the grid-voltage change required to produce 
the same plate-current change in the tube. For example, if the plate 
voltage of a tube must be increased by 20 volts in order to increase the 
plate current as much as would a 1-volt change of erid voltage, then 
the tube has an amplification factor of 20. The amplification factor of a 
tube is stated for a given set of operating conditions, such as grid-bias 
voltage, plate voltage, ete., since the amplification factor will change if 
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these conditions are changed. The amplification factor of a tube gives 
a theoretical approximation of the maximum voltage amplification 
which can be expected from the tube under given operating conditions. 

c. The mutual conductance, or transconductance, of a tube is a char- 
acteristic from which the power sensitivity can be estimated, since it 
determines what plate-current change may be expected from a given 
erid-voltage change under a given set of operating conditions. Mutual 
conductance, or transconductance, is the ratio of a small change in 
plate current to the change in grid voltage producing it. It is measured 
in mhos, which is simply the word ohm spelled backwards and with an 
“s” added. For example, if a grid voltage change of 1 volt produces a 
plate-current change of 1 ampere in a given tube under certain operat- 
ing conditions, the tube will have a mutual conductance of 1 mho. 
But since very few tubes will stand a plate current flow of 1 ampere 
(receiving tubes draw only a few milliamperes of plate current), it is 
more convenient to rate mutual conductance in micromhos (or mil- 
lionths of a mho). Thus, if a tube has a mutual conductance of 5,000 
micromhos, a 1-volt change in grid voltage will produce a 5 milliampere 
change in plate current. 

d. The plate resistance of a tube is simply the resistance peiween the 
cathode and plate of the tube to the flow of alternating current. It 1s 
the ratio between a small change in plate voltage and the correspond- 
ing change in plate current. For example, if a 10-volt change in plate 
voltage produces a 1-milliampere change in plate current, the plate 
resistance of the tube is 10,000 ohms. 


42. Interelectrode Capacitance 


The inherent capacitance between grid and plate elements of a eter 
is of sufficient importance at high frequencies to require special consid- 
eration in radio circuits. Where this capacitance is undesirable, it can 
be counteracted by introducing a neutralizing circuit which presents 
r-f potentials equal in magnitude but opposite in phase to those occur- 
ring across the interelectrode capacitance, with the result that the 
effects of the interelectrode capacitance are nullified. The extra circuit 
complications can generally be avoided by the use of tetrodes or pen- 
todes, 4- and 5-element tubes, respectively, which are particularly de- 
signed to have low interelectrode capacitance. The grid-plate capaci- 
tance of an ordinary receiving triode runs about 3 micromicrofarads. 
This represents a capacitive reactance of 53,000 ohms at 1 megacycle 
and only 530 ohms at 100 megacycles. Tetrodes and pentodes offer 
corresponding reactances of about 16,000,000 ohms at 1 megacycle and 
160,000 ohms at 100 megacycles. 


43. Tetrode 


a. In an effort to reduce the grid-plate capacitance within the tube 
(par. 42), a fourth element was added to the conventional triode. This 
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fourth element is called a screen grid, and is placed between the erid 
and the plate of the tube. A typical screen erid, or tetrode (4-element) 
tube connected in a circuit is shown in figure 74. Observe the changes 
in this circuit due to the addition of the screen grid. Notice that the 
sereen grid is operated at a positive voltage somewhat lower than that 
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Figure 74. Tetrode amplifier circuit. 


applied to the plate. Since it is operated at a positive voltage, the 
sereen assists the plate in attracting electrons from the cathode. Some 


of these electrons will be attracted to this grid by the positive voltage © 


on it, thus causing screen current to flow in the circuit. However, since 
the construction of the screen grid is similar to that of the control 
grid, most of the electrons will pass through the spaces between its 
wires on to the plate, because of the attraction of the higher positive 
voltage on the plate. Since the screen grid is bypassed to the negative 
side of the circuit (bypassed to ground) by a screen bypass capacitor 
having a small reactance at the signal frequency, it acts as a shield or 
screen between the grid and the plate, and thus effectively reduces the 
capacitance between these two electrodes. — 

b. If the screen grid in this circuit is not operated at a positive 
voltage, but is connected to the cathode, it will have a controlling effect 
on the electron flow, similar to that of the control erid of the tube, 
thus reducing the plate-current flow to a value too small for satisfactory 
operation. The value of a positive voltage on the screen grid of a tetrode 
will determine to a large extent the maximum value of current which 
will flow in the plate circuit. Thus, improper screen voltages can cause 
faulty operation in tetrode amplifier circuits. | 

c. The tetrode has several advantages over the triode, in addition to 
its greatly reduced erid-plate capacitance. Among these are a higher 
amplification factor, and greater power sensitivity. In general, tetrodes 
can be used for the same purposes as triodes. Since they were devel- 
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oped to overcome the need for neutralization in r-f amplifier circuits, 
tetrodes have been widely used in the r-f amplifier stages of radio re- 
ceivers and transmitters. 


44. Pentode 


a. Although the tetrode would seem to be an ideal tube, since it over- 
comes the disadvantage of the higher grid-plate capacitance of the 
triode and, at the same time, is capable of providing higher amplifica- 
tion in a circuit than is the triode, the effect known as secondary emis- 
sion limits its application to a great extent. The pentode, or 5-element 
tube, was developed to overcome the effect of secondary emission. If a 
tetrode is operated at fairly high plate and screen voltages, and large 
values of signal voltage are applied to its control grid, the electrons 
strike the plate with sufficient force to knock loose other electrons al- 
ready on the surface of the plate. These other electrons, known as 
secondary electrons, are attracted by the positive voltage on the screen 
erid. When secondary emission occurs, the screen gets more than its 
share of the available electrons, while the number reaching the plate 
is greatly reduced. Thus, the screen current will increase while the 
plate current will decrease, causing a reduction in the amplification of 
the tube and distortion in its output. 

b. If a third grid is placed between the screen grid and the plate of 
the tetrode, and is connected to the cathode so that it will have the 
same charge as the electrons, it will force any secondary electrons back 
to the plate, since like charges repel one another. This third grid is called 
the suppressor grid, since it suppresses the effects of secondary emis- 
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Figure 75. Pentode amplifier circutt. 


sion by preventing the flow of secondary electrons to the screen. The 
suppressor grid will not reduce the electron flow to the plate, even 
though it is operated at a negative potential. This is because it 1s 
placed so close to the plate that the attraction of the positive voltage 
on the plate is much greater than any tendency on the part of the 
suppressor grid to repel the electrons. 
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c. A pentode used with a typical amplifier circuit is shown in figure 
75. Note that the only difference between this circuit and the tetrode 
amplifier circuit of figure 74 is the addition of the suppressor orid. 
Both the cathode-and the suppressor grid are at the same potential. 
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Figure 76. Typical Pentode. 


d. The construction of a typical pentode power-amplifier tube 1s 
shown in figure 76. Such a tube is suitable for use in the power-output 
stages of radio receivers. 


45. Variable-mu Tube 


a. The amplification of a tube is controlled by varying the bias volt- 
age applied to the grid, but normally the range of this control is lim- 
ited by the value of cut-off bias for the tube. It is most desirable in the 
r-f amplifiers of receivers, the gain of which is controlled by automatic 
volume control, to be able to vary the amplification over a much wider 
range, so that large values of signal voltage (strong signals) may be 
handled. To permit this increased range of gain control, the variable- 
mu tube has been developed. This type of tube is also known by several 
other names, two of which are supercontrol and remote cut-off. The 
only difference in construction between variable-mu tubes and normal, 
or sharp cut-off, types, is the spacing of the turns of the grid. In sharp 
cut-off tubes, the turns of the grid wire are equally spaced, while in 
remote cut-off types the grid turns are closely spaced on both ends 
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and widely spaced in the center. When small negative voltages are 
applied to the grid of a variable-mu tube, the electrons will flow through 
all the spaces in the grid. As the negative voltage is increased, how- 
ever, the electrons will no longer be able to pass through the narrow 
Spaces on the ends of the grid structure, though they will still be able 
to pass through the relatively greater spaces at the center of the grid. 
A much greater value of negative voltage will thus be required to cut 
off the plate-current flow in this type of tube. This remote cut-off tube 
is so named because the cut-off bias value is greater than (remote 
from) the value required to cut off plate-current flow in tube of evenly 
spaced grid turns. 

6. Figure 77 shows the Eg —Ip curves for a typical sharp cut-off pen- 
tode and a typical remote cut-off pentode on the same graph. Note that 
the cutoff bias for the tube with the uniformly spaced grid is —6 volts. 
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Figure 77. Comparison between a sharp cut-off pentode and 
a remote cut-off pentode. 


Thus the range of gain control which can be effected by erid-bias 
variation, and the maximum value of signal voltage which can be ap- 
plied to the grid, are both limited. But the curve for the supercontrol 
pentode shows that plate current still flows even at a grid bias of —24 
volts. Thus, by the use of a variable-mu tube, both the range of gain 
control by grid bias variation and the value of signal voltage which 
can be handled by the grid have been extended several times. 

c. Variable-mu pentodes are used in the r-f amplifier stages of prac- 
tically all modern radio receivers. They are not generally used in a-f 


77 








amplifiers, however, because of extreme curvature, or nonlinearity, of 
their Eg — Ip curves, which would result im distortion of the output 
voltage when large signal voltages were applied to their grids. 


46. Beam-power Tube 


a. In recent. years a new type of power-amplifier tube has been de- 
veloped. Compared with other tetrode and pentode power-amplifier 
tubes, this tube has the advantages of higher power output, higher 
power sensitivity, and higher efficiency. This type of tube is called the 
beam-power tube, since by its construction the electrons are caused to 
flow in a concentrated beam from the cathode, through the grids, to the 
plate. The only difference in construction between the beam-power tube 
and normal tetrodes and pentodes is that the spaces between the turns 
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Figure 78. Internal structure of a beam-power tube. 


of the several grids are lined up and two beam-forming plates are 
provided. Figure 78 shows the internal construction of a beam-power 
tetrode. Since the spaces between the turns of the erids are lined up, 
fewer electrons will strike the screen grid. The screen current will 
therefore be decreased, while the plate current will be increased. Since 
the power output of a circuit 1s proportional to the value of plate cur- 
rent flowing through the load, the power output will thus be increased. 
The two beam-forming’ plates are usually connected to the cathode and, 
having the same charge as the electrons, cause them to flow in a beam 
from the cathode, through the grids, to the plate. The placement of the 
beam-forming plates is such that it forces the electrons to flow through 
the desired portions of the grids, and prevents them from striking 
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the wires which support the grids. Thus, by causing the electrons to 
flow in a beam, the number of electrons reaching the plate can be in- 
creased, thereby greatly increasing the operating efficiency of the tube. 

b. Figure 79 illustrates an a-f power-amplifier circuit using a beam- 
power tetrode. Notice that in this case the beam-forming plates are 
connected to the cathode inside the tube. | 
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Figure 79. Beam-power tetrode, a-f power amplifier. 


c. A beam-power tube operated at the same voltages as a normal 
tetrode or pentode type will provide more power output for a given 
value of signal (input) voltage than the latter, and have a much 
higher plate-circuit efficiency. Both beam tetrodes and beam pentodes 
are used in radio receivers and transmitters. In beam tetrodes, the 
effect of secondary emission is reduced to a minimum by the action 
of the beam, and the replacement of the beam-forming plates. Beam- 
power tubes are widely used as r-f and a-f amplifiers in radio trans- 
mitters, and as output a-f amplifiers in radio receivers. 


47. Multi-element Tubes 


a. In addition to the diodes, triodes, tetrodes, and pentodes which 
have been studied, there are many special types of vacuum tubes used 
in radio circuits; a large number of types are used which combine 
the electrodes of two or more tubes in one envelope. These complex 
tubes are usually named according to the equivalent single-tube types 
of which they are composed. Thus a twin triode contains the electrodes 
for two triodes in one envelope. Other complex tubes are diode trodes, 
diode pentodes, triode pentodes. One complex type has recently been 
introduced which combines the functions of three tubes within one 
envelope, namely, a diode, a triode, and a power-output pentode. All 
of these tubes however complex follow the basic rules for tube operation. 
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To understand the operation of any one of them in a circwit vt is only 
necessary to consider the effect of the various electrodes on the flow 
of electrons within the tube. 

b. The pentagrid-converter tube is a special type which has five 
grids, and is used in a certain stage of the superheterodyne recelver 
to take the place of two separate vacuum tubes. The pentagrid-converter 
tube is used for frequency conversion. (See sec. VIII.) 

c. The duplex-diode triode and the duplex-diode pentode are two 
popular types of receiver tubes. In receiver circuits, one of the diodes 
is used together with the cathode as a diode-detector circuit, while 
the other diode is used together with the cathode to rectify the signal 
voltage in order to produce a source of automatic volume control. The 
triode or pentode section of such tubes is used as an a-f amplifier. 


48. Directly and Indirectly Heated Cathodes 


a. A cathode which is in the form of a filament directly heated by 
passing a current through it has the disadvantage of introducing a 
ripple in the plate current when alternating current is used for heating. 
The ripple is most objectionable if the plate and grid returns are 
made to one end of the filament. In figure 80 the resistor AB repre- 
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Figure 80. Directly heated cathode. 


sents a filament which is heated by applymg 9 volts of alternating 
current across it. When no current flows through the tube, the plate 
ig maintained at a potential of 100 volts above that of point B. For 
a 5-milliampere steady plate current, the potential across the tube 


| = 90 volts; 





from B to the plate is always 100 — [2,000 x a 


whereas the potential from A to the plate varies from 85 to 95 volts, 
depending upon the potential of point A relative to pomt B. The 


total plate current rises and falls at the frequency of the filament 
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current. This condition is remedied to a large extent by connecting 
the grid and plate returns to the electrical center of the filament, 
as in figure 81@) or @). But even with a center-return arrangement, 
with a 60-cycle filament current, there is still present a 120-cycle 
modulation of the plate current. This double-frequency ripple arises 
from the effects on the plate current provided by the intermittent 
rise and fall of the filament temperature, the voltage drop in the 
filament, and the alternating magnetic field set up by the filament 
current. Temperature fluctuations in the filament are ordinarily neg- 
ligible. The magnetic field about the filament serves to deflect the 
electrons from their normal paths; and, in effect, serves to reduce 
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Figure 81. Methods of utilizing a-c filament supply. 


the plate current. The resulting plate current is largest when the 
heating current is zero, that is, at intervals which occur at double 
the heating current frequency. With a voltage drop in the filament, 
the space current from the negative half of the filament exeeeds that 
from the positive half, because of the manner in which space current 
varies with the electrostatic field across the tube. (Space current 
varies as the three-halves power of the plate potential.) The result is 
that each time the current is at a maximum in either direction in the 
filament, that is, at a frequency which is double the heating-current 
frequency, the space current is slightly greater than its value during 
those instants when the current through the filament is zero and the 
potential of the filament is uniform. 
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b. In transmitting tubes and in the power stages of a receiver the 
signal currents are large, and the double-frequency ripple current 
is negligible in comparison. However, in all other receiver tubes, 
indirectly heated cathodes (fig. 81@)) are necessary wherever a-c fila- 
ment operation is desired. An indirectly heated cathode is formed 
by a metallic sleeve closely surrounding a heated filament and electri- 
cally insulated from the filament. The cathode 1s heated by radiation 
from the filament. Such an emitter is sometimes referred to as an 
equipotential cathode, since all parts of it are at the same potential. 
For purposes of simplicity, tube-heater elements and heater-power 
circuits are not shown in circuit diagrams throughout this manual. 
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SECTION V 


VACUUM-TUBE DETECTORS 


49. Detection 


a. There are two general kinds of radio-frequency (r-f) signals that 
can be received by a radio receiver: modulated r-f signals which carry 
speech, music, or other audio sounds, and continuous wave (c-w) 
signals which are “bursts” of r-f energy conveying code. These types 
of r-f signals are described in more detail in sections XI and XII. 
The process whereby the intelligence carried by a r-f signal is ex- 
tracted as an a-f (audio-frequency) signal is called detection, or 
demodulation. 

b. The modulated r-f signal can be detected by any one of several 
types of vacuum-tube detectors: the simple diode detector, the grid- 
leak detector, the plate detector, or the regenerative detector. The e-w_ 
signal is generally detected by the heterodyne detector. | 
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Figure 82. Formation of a modulated waveform, 
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50. Phone Detection 


In paragraph 5 it was shown that a radiotelephone or a modulated 
signal is produced by controlling the r-f output of a transmitter at an 
a-f rate. The chart in figure 82 shows an r-f voltage, an a-f voltage, 
and the two of them combined to form a modulated-signal voltage. The 
modulated signal is the waveform of the voltage which will appear in 
the antenna circuit of a radio receiver when a modulated wave is being 
received. The detector, then, must separate the a-f voltage from the r-f 
voltage, so that the a-f voltage can be converted into sound by means 
of a headset or loudspeaker. The detector must demodulate the signal. 


5|. Diode as Detector 


a. In the study of the diode as a rectifier (par. 85) it was shown 
that the diode is a conductor when the plate voltage is positive, and 
that it is a nonconductor when the plate voltage is negative. This 
property of the diode makes the tube useful for the detection of 
r-f signals. 

b. The action of the diode as a detector can best be explained by an 
examination of a simple diode radio receiver (fig. 83). In this receiver 
the modulated r-f signal voltage will appear across the parallel-tuned 
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Figure 83. Simple diode radio receiver. 


circuit formed by the coil L and the variable capacitor C, when this 
autenna circuit is tuned to resonance with the incoming r-f signal. 
Since the diode is connected to this antenna circuit, it will rectify the 
signal voltage, and the rectified-signal current will flow through the 
headset, thereby producing sound. Obviously, the a-f part, or com- 
ponent, of the voltage which appears across the headset must not be 
filtered out, as this voltage produces the sound. But the headset will 
have an extremely high reactance at the frequency of the incoming 
sional, which would reduce the amount of r-f current flowing in the 
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circuit. For this reason capacitor C, is placed across the headset 
(fig. 83). The size of this capacitor is chosen so that it will have a low 
reactance at the radio frequencies, and a relatively high reactance at 
the audio frequencies, thus providing minimum opposition to r-f current 
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Figure 84. Effect of a bypass capacitor. 


flow in the entire circuit, while providing maximum opposition to a-f 
current flow. Consequently, the maximum a-f voltage appears across 
the headset. Figure 84 shows this rectified voltage appearing across the 
headset, both with and without bypass capacitor C, connected. 

c. The action of the diode as a detector is essentially the same as its 
action as a rectifier, since the diode actually detects the r-f signal by 
rectifying it. The circuit shown in figure 83 is the basic detector circuit 
for many of the radio receivers now in use. However, since the diode 
does not amplify the signal it is detecting, its use as a detector requires 
several preceding stages of r-f amplification to bring the level of the 
signal up to a point of satisfactory output. This is done in modern 
radio receivers with a large number of tubes. If, however, a radio set 
is to use a smaller number of tubes, and consequently have fewer 
stages of amplification, it must have a detector which is more sensitive 
than the diode; in other words, the detector must amplify the signal as 
well as detect it. The triode as a detector fulfills this requirement. 


52. Grid-leak Detector 


a. The grid-leak detector functions like a diode detector followed by 
a stage of triode amplification. Figure 85 shows only the grid and the 
cathode of a triode-connected as a diode detector; the triode grid acts 
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Tigure 85. Diode action in a triode. 
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as the plate of the diode. It can be seen that the grid-leak resistor 
forms the load for the diode cireuit, while the grid capacitor is the r-f 
bypass, or filter capacitor, in the circuit. When a modulated a-c signal 
voltage is applied to the circuit of figure 85, current will flow through 
the tube only on the positive half-cycles, and consequently the signal 
will be rectified, or detected. Since electrons flow only from the cathode 
to the “plate” of the diode, the voltage drop across the orid-leak 
resistor, caused by the current flow on the positive half-cycles, will 
make the diode “plate” (the triode grid) negative with respect to the 
cathode. This rectified-signal voltage thus acts as bias for the triode grid. 

b. Consider next the complete grid-leak detector circuit shown In 
figure 86. Since the bias for the triode is produced by rectifying the 


modulated-signal voltage, the bias will increase and decrease in value — 


in proportion to the modulation on the r-f signal (at an a-f rate). In 
other words, the grid voltage will vary in just the same manner as it 
did in figure 62, where an a-c voltage was applied to the grid (of a 
triode) in series with a source of fixed negative erid bias. Since the 
triode plate current is determined by the grid voltage, the plate current 
in the circuit shown in figure 86 will vary in proportion to the voltage 
appearing across the grid-leak resistor. The plate current in this 
circuit flows through the headset as a load. The voltage drop across 
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Figure 86. Grid-leak detector circuit. 
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the headset, produced by the variations in plate-current flow, will 
therefore be an amplified reproduction of the voltage appearing across 
the grid-leak resistor. The capacitor connected across the headset in 
figure 86 bypasses any r-f voltage (amplified by the tube) around the 
headset. Since the plate current in a circuit decreases as the grid 18 
made more negative, the average plate current of the grid-leak detector 
circuit will decrease as the applied signal voltage becomes greater. The 
maximum plate-current flow will occur in this circuit when no signal is 
being received, because at that time there is no bias voltage developed 
by the grid leak. Since the actual detection of the signal in the grid-leak 
detector takes place in the grid circuit, this type of detector is also 
known as a grid detector. 
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c. The chief disadvantage of the grid-leak detector circuit is that it is 
easily overloaded by strong r-f signals with consequent distortion of 
output. When grid-leak detectors are used to handle large r-f signal 
voltages, they are called power detectors, and are sometimes used in 
radio receivers which have several stages of r-f amplification preceding 
the detector stage. 


53. Plate Detection 


a. When the triode-detector circuit is arranged so that rectification 
of the r-f signal takes place in the plate circuit of the tube, such a 
circuit is called plate detection. If a sufficient negative grid bias is 
applied to a triode circuit so that the plate-current flow is cut off when 
no signal is applied, the proper conditions have been established for 
plate detection. This cut-off bias may be supplied either by means of a 
cathode resistor, or by means of a fixed source of bias (fig. 87). If a 
modulated r-f signal is applied to the circuit of figure 87, plate current 
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Figure 87. Plate detection. 








will flow during the positive half-cycles of the r-f voltage, since the 
positive voltage will cancel part of the negative bias voltage, thereby 
reducing the grid voltage below the cut-off point. Plate current will — 
not flow during the negative half-cycles of the r-f voltage, since the 
negative voltage merely adds to the bias voltage, making the grid more 
negative. Thus, the tube acts as a plate detector, since plate current 
flows only during the positive half-cycles of the r-f voltage. 

b. The action of the plate detector can be further demonstrated by 
means of the Hg — Ip curve shown in figure 88. The modulated r-f 1s 
applied to the grid-voltage scale of the graph, and the resultant plate- 
current waveform is developed on the plate-current scale. Since cut-off 
bias is applied to the plate detector, no plate current will flow when no 
signal is applied to the circuit. The average value of the plate current 
will increase as the strength of the applied signal is increased; this 
effect is opposite to that of the grid-leak detector. In general, the plate 
detector is less sensitive than the grid-leak detector, but it has the 
advantage of being less easily overloaded. 
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Figure 88. Operating conditions of a plate detector. 


54. Regenerative Detection 


a. The process of feeding some of the output voltage of a vacuum- 
tube circuit back into the input circuit, so that it adds to, or reinforces 
(is in phase with) the input voltage, is known as regeneration. The use 
of regeneration in a circuit greatly increases the amplification of the 
circuit, since the output voltage fed back into the input circuit adds to 
the original input voltage, thus increasing the total voltage to be 
amplified by the tube. 

b. Regerferation, sometimes called positive feedback, can be applied 
to a grid-leak detector circuit by connecting a coil in series with the 
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Figure 89. Regenerative detector. 


plate circuit and magnetically coupling it to the grid coil (fig. 89). 
When an r-f signal is applied to the circuit, voltage will be built up 
across this feedback, or tickler coil (L; in fig. 89), because of the 
plate-current variations and the reactance of the coil. Since this tickler 
coil is magnetically coupled to the grid coil (LZ, on the diagram), trans- 
former action takes place between the two windings and a voltage 1s 
set up in the grid coil. Since the tickler coil has been so placed that the 
voltage it induces into the grid coil will be in phase with the incoming- 
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signal voltage, the voltage feedback will add to the incoming r-f signal 
voltage and increase the total voltage to. be amplified by the tube, thus 
increasing the amplification of the circwit. It is important that the 
position of the tickler coil with respect to the grid coil be correct, for if 
it is not and the feedback voltage is out-of-phase with the input voltage, 
it will cancel some of the input voltage, and thereby reduce the amplifi- 
cation of the circuit. In the circuit diagram of figure 89, the antenna 
coil L,, and the grid coil, Z., form an r-f transformer. Since there are 
more turns on ZL, than on L,, the voltage appearing in the antenna 
circuit will be stepped up by the use of this transformer, thus producing 
additional gain in the circuit. The secondary of the transformer, Lz, 
and variable capacitor, C, form the parallel-tuned circuit of the set. 
C, bypasses any r-f currents in the plate circuit around the headset 
and the plate battery Hy. As is very often the case in Army sets, the 
filament is heated by means of a battery. The regenerative-detector 
circuit of figure 89 is the most sensitive triode-detector circuit possible, 
and when used as a receiver it is capable of receiving signals over 
extremely long distances under good conditions. 


55. C-w Detection | 


All detector circuits previously discussed are used to detect modulated 
signals, since they separate the audio frequencies from the radio fre- 
quencies. All of these detector circuits will also rectify unmodulated, 
or continuous-wave (c-w) signals, but no a-f voltage will appear in 
their output circuits, since there is no a-f voltage component present 
in an unmodulated signal. In order to receive ec-w signals from a 
radiotelegraph transmitter, it is necessary to have some method of 
producing an a-f voltage in the detector circuit when an unmodulated 
r-f signal is being received. 


56. Heterodyne Detector 


a. If two a-c signals of different frequencies are combined, or mixed, 
in a circuit, a third signal, called a beat frequency, will be produced. 
The frequency of this beat is equal to the difference between the fre- 
quencies which are mixed to produce it. Thus, if two a-f voltages are 
combined, the frequencies of which are 500 and 600 cycles per second 
respectively, a beat frequency of 100 cycles will be produced. 

b. If two r-f signals are combined, the frequencies of which differ 
by an audio frequency, a beat frequency of an a-f voltage will be 
produced. For example, if a 1,000-kilocycle signal is mixed with a 
1,001-kilocycle signal, a beat, with a frequency of 1 kilocycle (1,000 
cycles, or an audio frequency), will be produced. If some way can be 
found of generating a signal in a detector circuit, the frequency of 
which differs from the frequency of the incoming signal by an audio- 
frequency amount, then an a-f voltage will be produced in the circuit. 
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This can be done by making the regenerative-detector circuit oscillate. 
If the regeneration, or positive feedback, in a regenerative-detector 
circuit is increased beyond a certain critical point, the circuit will 
oscillate, or produce an alternating current, the frequency of which 
is equal to the resonant frequency of its tuned circuits. Thus, by making 
the regenerative detector an oscillating detector, and tuning it so ‘that 
the frequency it generates will differ from the incoming r-f signal 
frequency by an audible amount, it is possible to detect unmodulated 
r-f signals. This process is known as “heterodyning,” and an oscillating 
detector is called a heterodyne detector. The heterodyne principle is 
used in radio receivers whenever c-w reception is desired. It is also the 
basis for most of the oscillator circuits used in transmitters and receivers. 


57. Vacuum-tube Voltmeter 


a. The plate-detector circuit, discussed in paragraph 53, 1s used as 
the basis for a very important measuring device in radio: the vacuwm- 
tube voltmeter. A circuit diagram of the vacuum-tube voltmeter is 
shown in figure 90, and its similarity to the plate-detector cireuit will 
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Figure 90. Vacuwm-tube voltmeter. 


be obvious. When no voltage is applied to the grid of this circuit, no 
plate current will flow, since the grid is biased to cut-off. If an a-c¢ 
voltage is applied to the grid, however, plate current proportional to the 
peak (or highest value of the applied voltage) will flow, and operate the 
milliammeter (which replaces the headset of the plate-detector circuit). 
If a d-c voltage is applied, the plate current indicated by the mill1- 
ammeter will be proportional to the applied voltage, provided that the 
positive terminal of the voltage being measured is connected to the 
erid, and the negative terminal is connected to the bias battery. 

b. By calibrating the milliammeter so that it reads either a-c volts or 
d-e volts, or both, the circuit becomes an effective voltage-measuring 
device. The advantage of the vacuum-tube voltmeter is that it draws 
little or no current from the source of voltage being measured. This 
is in contrast to conventional meters, and thus gives far more accurate 
results when critical measurements are being made, 
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SECTION YI 
. 


VACUUM-TUBE AMPLIFIERS 


58. Voltage and Power Amplifiers 


a. The basic manner in which a signal can be amplified by a vacuum 
tube (par. 37) can be applied to vacuum-tube amplifiers which fulfill 
varlous special requirements of transmitters and receivers. The impor- 
tance of amplifier circuits can be seen from their wide variety of 
uses in radio work. 

(1) In transmitters, the r-f power generated by the Pie 18 
too small for satisfactory long-distance transmission; therefore, r-f 
power-amplifier stages are used to increase this power to the desired 
level before transmitting. 

(2) The a-f voltage output of a microphone is too small to operate 
the modulator stage of a radiotelephone transmitter; therefore, a-f 
voltage-amplifier stages are used to increase the output of the micro- 
phone to the amount required for proper operation of the modulator. 

(3) R-f voltage-amplifier circuits are used in receivers to increase 
the strength of weak signals, so that satisfactory detector operation 
may be realized. | 

(4) A-f voltage-amplifier stages are also used in receiver to amplify 
the a-f output of the detector stage for greater headset volume. 

(5) If loudspeaker operation is required in a set, the output a-f 
amplifier stage will be an a-f power amplifier. 

6. From this discussion of amplifier circuits, it may be concluded 
that a vacuum-tube amplifier stage, either r-f or a-f, can be classified 
as a voltage amplifier or a power amplifier, according to the purpose 
for which it is to be used. 

c. Voltage amplifiers are amplifier stages designed to produce a large 
value of amplified-signal voltage across a load in the plate circuit. 
In order to produce the largest possible value of amplified-signal 
voltage across the load of such a circuit, the opposition of the load 
to plate-current change (that is, its resistance, reactance, or impedance) 
must be as high as is practically possible. 

d. Power amplifiers are amplifier stages designed to deliver a large 
amount of power to the load in the plate circuit. In a power amplifier, 
not only must there be a large output voltage across the load, but 
there must also be current flowing through the load, since power 
equals voltage times current. 
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e. Voltage and power amplifiers can be recognized by the charac- 
teristics of their plate-circuit elements. Thus, an amplifier Be 
designed to produce a large amplified-signal voltage across a high 
impedance is a voltage amplifier, while one designed to deliver a 
relatively large plate-current flow through a load of lower impedance 
is a power amplifier. Although any vacuum tube may be operated as 
either a voltage or power amplifier, certain tubes have been developed 
which serve best as voltage amplifiers, while others have been designed 
for use as power amplifiers. These are saa to as voltage-amplifier 

ower-amplifier tubes, respectively. . 
ae to eu general types of amplifiers just discussed, 
there is a further classification of both voltage and power amplifiers. 
The operation of all vacuum-tube amplifiers may be classified according 
to the bias voltage applied to their grids, and according to that portion 
of the a-c signal-voltage cycle during which plate current hela oes 
types of amplification are designated as class A, class AB, class b, 


and class C. 


59. Class A Amplification 


a. If the grid of an amplifier tube is biased SO that plate current uh 
flow during the entire cycle of the applied a-c signal voltage, the 
circuit is called a class A amplifier. The class A operation of a tube : 
illustrated graphically by the erid-voltage plate-current curve 0 
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Figure 91. Class A operation. 


figure 91. An examination of this graph will show that plate current 
flows during both the positive and negative half-cycles of the a-c signal 
voltage apphed to the erid. Notice that the Eg — Ip curve of figure 91 
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is not linear over its entire length, that is, it is not a straight line. 
in order to produce a plate-current waveform which, as nearly as 
possible, is an exact reproduction of the signal-voltage waveform, the 
tube must be biased so that it will operate on that portion of its Hg — Ip 
eurve (fig. 91) which is a straight line. 

6b. If the grid of the tube is biased incorrectly, so that the grid 
voltage varies over a nonlinear portion of the curve, a distorted plate- 
current waveform will result (fig. 92). Since the plate current varia- 
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Figure 92. Distortion in a class A amplifier due to improper bias. 


tions flowing through the load produce the output voltage in an 
amplifier circuit, a distorted plate-current waveform will produce a 
distorted output voltage. It is important, therefore, that the bias 
voltage be kept at the proper value in class A amplifier stages, in 
order to avoid distortion. 

c. Distortion will also occur in a class A amplifier if too great a 
value of a-c signal voltage is applied to the grid of the tube, and the 
total grid voltage (the bias voltage plus or minus the signal voltage) 
will vary over both linear and nonlinear portions of the Hg — Ip curve 
(fig. 93). 

d. The maximum power output which can be obtained from any 
amplifier stage will depend on the efficiency of the circuit and the per- 
missible plate-dissipation rating of the particular plate used. The 
efficiency of an amplifier stage is the ratio of the power output (the 
power of the signal frequency available at the load) to the plate-power 
input (the d-c plate voltage times plate current), expressed in percent. 
For example, if the plate-power input to an amplifier stage is 40 
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Figure 93. Distortion in a class A amplifier due to 
excessive signal voltage. 


watts, and the power output of the stage is 10 watts, the efficiency 
of the amplifier stage is 25 percent. The plate dissipation or the 
power consumed by the plate circuit, of an amplifier stage is the 
difference between the power input and the power output. Thus, in 
the example above, the plate dissipation would be the difference between 
40 watts and 10 watts, or 30 watts. Each type of tube 1s rated by the 
manufacturer as to its maximum safe plate dissipation; this value 


cannot be exceeded without damaging the tube. The efficiency of class AL 


amplifier stages generally is about 20 to 25 percent. 

e. Practically all the amplifier stages of radio receivers, both r-f 
and a-f are class A operated. Also, the speech-amplifier stages of 
radiotelephone transmitters (audio stages used to amplify the a-f output 
of the microphone to the proper signal-input level for the modulator ) 
are class A amplifiers. 


60. Class B Amplification 


a. If the grid of an amplifier tube is biased at cut-off, so that plate 
current will flow only during the positive half-cycles of the applhed 
a-c signal voltage, the cireuit is called a class B amplifier. The Hg — Ip 
curve in figure 94 demonstrates the relation between grid voltage and 
plate current in a tube, operated class B. From figure 94, it can be 
seen that plate current flows only during the positive half-cycles of the 
a-c signal voltage applied to the grid, and consequently the plate-current 
waveform is not a replica of the signal-voltage waveform. 
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figure 94. Class B operation. 


b. The signal voltage applied to the grid of a class B amplifier is 
usually much greater in value than that applied to the grid of a class A 
stage. In fact, the applied signal voltage may be so large that, during 
part of the positive half-cycles, the grid is actually operated at a 
positive voltage with respect to the cathode (fig. 94). Since the grid 
is positive with respect to the cathode during the positive peaks of 


the applied signal voltage, some of the electrons will be attracted to 


the grid, and therefore grid current will flow. 

c. In order to avoid the large amount of distortion present in the 
output of a single-tube, or single-ended, class B amplifier stage, two 
tubes can be arranged in a push-pull amplifier cireuit. (See fs 95.) 
One tube will operate during the first half-cycle of the a-c signal 
voltage, and the other tube will operate during the second half-eyele. 
The action of the push-pull grid circuit in figure 95 is similar to that 
of the full-wave rectifier circuit. Since plate current flows during one 
half-eycle in one tube, and during the next half-cycle in the other, 
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Figure 95. Push-pull amplifier circuit. 
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the plate current waveforms of the two tubes can be combined in the 
load circuit. The load circuit in figure 95 is the center-tapped primary 
of a push-pull output transformer. Since the plate currents of these 
two tubes flow in opposite directions through their respective halves of 
the transformer winding, one tube will generate a voltage across the 
transformer primary during one half-cycle. During the next half- 
cycle, the other tube will generate a voltage of opposite polarity across 
the winding. Figure 96 shows the voltage developed across the trans- 
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Figure 96. Output of a push-pull class B amplifier. 


former primary winding by each tube and the resultant voltage across 
the transformer secondary, due to combining the voltages over the 
complete signal voltage eyele. Thus, by using two tubes in push-pull, 
it is possible to obtain a reasonable undistorted output voltage from 
mplifier. 
" ae B amplifiers have an efficiency of about 50 to 60 percent, 
which means a reduced value of plate dissipation and an increased 
power output for a given power input. They are generally used where 
it is desired to develop a relatively large power output in the load 
circuit. Single-tube class B amplifiers are never used for a-f amplifica- 
tion, because of the distorted output of a single tube. Push-pull, class B, 
a-f amplifier circuits are, however, widely used in the modulator stages 
of radiotelephone transmitters. They are also occasionally used in the 
r- ut stages of radio receivers. | | 

~ 7 the single-ended, or single-tube, class B amplifier : 
never used in a-f amplifier circuits, it can be used successfully in r- 

amplifier stages having a parallel-tuned circuit as the plate load. 
The parallel-tuned circuit is sometimes called a tank circuit, eae 
it has the ability to store power. When it is used as the plate ae : 

a single-ended, class B amplifier stage, the capacitor In the para i - 
tuned circuit will be charged by the output voltage produced by e 
flow of plate current through the load on the positive half-cye = 
Although no current flows through the tube on the negative half-cye . 
of the applied signal voltage, the capacitor wil discharge into the 
inductor during this period, and thus supply the missing half-cycle 
in the output voltage. This so-called flywheel effect of the tank circuit 
will occur only when the resonant frequency of the parallel-tuned 
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circuit is equal to the frequency of the applied signal voltage. Both 
single-ended and push-pull class B r-f amplifiers are used in the r-f 
stages of radio transmitters. 


61. Class AB Amplification 


a. It is possible to compromise between the fidelity (low distortion) 
of class A amplification and the relatively high efficiency of class B 
operation by biasing the amplifier circuit so that it will operate part 
way between class A and class B. This is known as class AB amplification. 

b. In biasing a tube part way between class A and class B, the 
tube will not operate over the entire linear portion of its Hg — Ip curve, 
and therefore some distortion will be present in the output. For this 
reason, push-pull amplifier circuits are generally used for class AB 
a-f amplifiers. Because class AB amplification is less efficient than 
either class B or class C amplification, it is seldom used in r-f amplifier 
circuits. 

c. If the a-c signal voltage applied to a class AB amplifier is kept 
below the point where grid current flows, the resultant operation is 
called class AB, amplification. If the applied signal voltage is great 
enough to cause grid current to flow during the positive peaks of 


the signal voltage cycle, the resultant operation is called class AB» 
amplification. 


62. Class C Amplification 


a. If the bias applied to the grid of an amplifier stage is appreciably 
greater than the cut-off value, the amplification is called class C. The 
operation of such a tube is shown by the Hg — Ip curve in figure 97. 
Note that in this case the bias voltage is 20 volts, or twice the cut-off 
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TIigure 97. Class C operation. 


value; the use of twice the cut-off bias 1s common practice in many 
class C amplifiers. The curve shows that plate current will flow only 
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during that portion of the positive half-cycle of the applied a-c signal 
voltage, which is numerically greater than the cut-off bias for the tube ; 
that is, plate current flows only during the positive peaks of the apphed 
signal voltage. The curve also shows that the applied a-c signal 
voltage must greatly exceed the cut-off bias in order to produce a 
large value of plate-current flow. 


4. Almost all of the r-f amplifier circuits used in radio transmitters 
are operated class C. The parallel-tuned circuits used as plate loads 
for class C amplifiers exhibit the same flywheel effect as for class B 
amplifiers. The advantage of class C operation is that it has a high 
efficiency ; efficiencies as high as 75 percent are not uncommon in class C 
r-f amplifiers. Class C operation is never used in a-f amplifiers because 
of the high degree of distortion in these circuits. 


63. Interstage Coupling 


a. Any of the coupling methods, described in paragraphs 27 to 30, 
may be used to couple the output circuit of one amplifier stage to the 
input circuit of the next stage. Three types of interstage coupling 
are shown in the cireuit of figure 98. In this circuit, the elements 71 
are the plate loads for their respective tubes, cathode bias (R,) is used 
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Figure 98. Three types of interstage coupling. 


foy all four tubes, and the mput a-c signal voltage is indicated by Lge. 
All three of these forms of interstage coupling are widely used in the a-t 
circuits of both transmitters and receivers. The most common form of 
coupling found in the r-f amplifier circuits of receivers is transformer 
coupling, while in the r-f circuits of transmitters, both impedance 
and transformer coupling are widely used. 

b. The first stage of the circuit in figure 98 is resistance-coupled 
to the second stage, since the amplified-signal voltage 1s developed 
across a resistor in the plate circuit. This signal voltage is applied to 
the grid of the second stage through the blocking capacitor (sometimes 
called a coupling capacitor), indicated as capacitor C on the drawing. 
The resistor in the grid circuit of the second stage provides a d-c 
path for the bias applied to the grid. Since the blocking capacitor 
plays an important part in the operation of this circuit, this type of 
coupling is sometimes called resistance-capacitance coupling. As the 


98 





blocking capacitor will pass alternating current, it applies the amplified- 
signal voltage developed across resistor 4, to the grid cireuit of the 
next stage. At the same time it blocks the flow of direct current from the 
plate circuit of the first stage to the grid circuit of the second. If this 
capacitor should break down or develop leakage, some or all of the 
positive d-c voltage applied to the plate of the first stage would appear 
on the erid of the second, canceling some or all of the negative bias 
applied to this tube, and thus causing distortion in its output. A 
leaky blocking capacitor, therefore, can be a source of distortion m 
an amplifier circuit. 

¢. The coupling between the plate circuit of the second tube and the 
grid circuit of the third tube (fig. 98) is similar in operation to the 
coupling between the first and second tubes, except that an imductor 
having a high value of reactance at the signal frequency is used as 
a plate load. The function of the blocking capacitor is the simi 
for both resistance and impedance, or inductance, coupling. 

d. A transformer is used to couple the output of the third tube to 
the input of the fourth in the circuit of figure 98. The primary of this 
transformer is the plate load for the third tube, while the signal volt- 
age applhed to the grid of the fourth tube is developed across the 
secondary of this transformer. If the transformer has more turns on 
the secondary than on the primary, the signal voltage applied to the 
grid of the fourth tube will be proportionately greater than the signal 
voltage developed across its primary. Thus, some voltage hapee en 
is obtained by the use of transformer coupling in amplifier circuits. 
ee In general, the only difference between the coupling methods used 
in a-f amplifier circuits and those used in r-f amplifier circuits Les in the 
employment of tuned circuits. The circuit of figure 99 shows a tuned 
impedanee-coupled r-f amplifier circuit; the plate loads for the two 





Cc 
7TL-4787 


7 
Ligure 99. Tuned impedance-coupled r-f amplifier circuit. 


tubes are the parallel-tuned circuits formed by Ly and Cy, and Le and 
Co, respectively. A two-stage, single-tuned, Fransturmiereon pled r-f 
amplifier circuit is shown in figure 100; this circuit is typical of ee 
found in most radio receivers. Figure 101 shows the use of double- 
tuned transformer coupling between two stages of r-f amplification 
This circuit has the advantage of providing high selectivity and high 
gain (amplification) at the frequency to which it is tuned. It should 
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Figure 100. Tuned transformer coupled r-f amplifier circutt. 






be noted in the circuits of figures 99, 100, and 101 that batteries com- 
mon to two stages have been used to provide both negative grid bias 
and positive plate voltage for the tubes. 

f. One of the main considerations in the transformer coupling of a-f 
power amplifiers is that very little or no distortion should occur. The 
use of the push-pull circuit greatly reduces distortion in a-f amplifier 
circuits. For this reason, push-pull is widely used in the a-£ power 
amplifier circuits of radio transmitters and receivers. In class A am- 
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Figure 101. Double-tuned transformer-coupled r-f amplifier circuit. 


plifiers, the use of the push-pull circuit permits the application of con- 
siderably higher signal voltage per tube for a given amount of distor- 
tion in the output than would be possible in single-ended amplifiers. 
he use of the push-pull circuit is required in classes AB and B at 


amplifiers for low distortion in the output voltage. A center-tapped 


transformer is the most convenient means of supplying two voltages 
which are equal to and out of phase with the two grids of a push-pull 
amplifier circuit from a single-ended stage. Transformer coupling 1s 
therefore more widely used than any other method for this purpose. 

g. In class AB, and class B a-f amplifier circuits, there is another 
and more important requirement, which necessitates the use of trans- 
former coupling. Most of the tubes intended for use as power ampli- 
fiers are so designed that their grids may be operated at a positive 
voltage in push-pull amplifier circuit without undue distortion. If a 
positive voltage is applied to its grid, a tube will draw a certain amount 
of grid current, since some of the electrons will be drawn to the grid. 
If the grid circuit of a tube drawing grid current contains a large 
value of d-c resistance, the grid current flowing through this resistance 
will produce a bias voltage, because of the erid-leak action of the 
resistance. Since this voltage would be applied to the grid in addition 
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to whatever value of bias is applied in the cireuit, it would change the 
operating characteristic of the circuit, reduce the power output, and 
cause distortion. Both class AB» and class B a-f amplifier circuits are 
usually operated so that they will draw grid current when large signal 
voltages are applied. The d-c resistance of the grid circuit of such am- 
plifiers must, therefore, be kept small in order to prevent the develop- 
ment of undesired additional bias voltages. The low d-c resistance of the 
windings of a transformer satisfies this requirement. Accordingly, 
transformer coupling is always used for class AB» and class B opera- 
tion in a-f power amplifier circuits. | 

h. If the grids of an amplifier stage draw current, they will require 
a. certain amount of power from the signal source. In order to obtain 
the maximum transfer of power from the plate circuit of the preceding 
stage, usually called the driver stage, the output impedance of this 
stage must be matched to the input impedance of the push-pull ampli- 
fier circuit. This requirement is most conveniently and efficiently met 
in this type of a-f amplifier by the use of transformer coupling. 


64, Gain Control in r-f Amplifiers 


a. It was shown earlier (par. 37e) that the gain, or amplification, of 
a triode may be conveniently controlled by varying the bias voltage 
applied to its grid. This method of gain control is used more frequently 
in r-f amplifier circuits than any other method. 

b. For manual control of the gain of an r-f amplifier, the cathode- 
bias resistance often is formed by a fixed resistor and a variable re- 
sistor connected in series. The fixed resistor is of the correct value to 
bias the tube for its maximum amplification. The variable resistor may 
be set at any value from zero to that resistance required for cut-off 
bias. This provides a convenient method of adjusting the gain of the 
circuit to any desired value. 

c. For automatic volume control, additional negative grid bias may 
be supplied to the r-f amplifier stages of a receiver from the diode-load 
resistor in the detector circuit. The negative voltage developed across 
this resistor will be proportional to the signal voltage applied to the 
detector by the r-f amplifier. The additional negative grid bias applied 
to the r-f amplifier tubes thus will tend to keep the level of the signal 
applied to the detector, and consequently the detector output, at a 
constant value. The circuits and application of automatic volume con- 
trol are discussed in detail in the sections on radio receivers. 


65. Gain Control in a-f Amplifiers 


a. The most popular method of volume control for a-f circuits is the 
use of a potentiometer as the grid resistor of a vacuum-tube amplifier 
(fig. 102). Since the signal voltage is applied across this variable 


lO] 





resistor, the position of the variable arm of the resistor will determine 
the value of the signal voltage applied to the grid, and consequently 
the output of the amplifier. 
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Figure 102. Simple volume-control circuit. 


5. Automatic volume control is seldom applied to a-f amplifier cir- 
cuits, as it is generally more convenient to control the gain of a radio 
set in the r-f amplifier circuits which precede the detector. 


66. Distortion 


a. Distortion in an amplifier may be broadly elassified under three 
headings: frequency distortion, nonlinear distortion, and delay (or 
phase) distortion. Frequency distortion arises because of the inability 
of an amplifier to amplify all frequencies equally. Nonlinear distortion 
ig a consquence of operating over a curved (nonlinear) portion of a 
tube’s characteristic, so that harmonic or multiple frequencies are in- 
troduced. Delay distortion results from the effects of transmission of 
different. frequencies at different speeds, giving a relative phase shift 
over the frequency spectrum in the output. Except at the ultra-high 
frequencies or In transmission line work, the effects of delay distortion 
are usually insignificant. Frequency distortion in r-f transmitter am- 
plifiers is ordinarily of little concern, since these amplifiers operate 
over only a relatively narrow range of frequencies at any one time. 
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Figure 108. Special circuit arrangement in an r-f amplifier to provide 
uniform response over a band of frequencies. 


b. In v-f receiver amplifiers, various compensating devices are some- 
times employed to provide uniform response to a band of frequencies. 
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Figure 103 illustrates one such compensating arrangement. A high- 
inductance primary winding P, loosely coupled to the secondary S, 
resonates (due to self-capacitance) at a lower frequency than the 
lowest for which the amplifier is to operate. This gives high gain at the 
low end of the band because of the high plate-load impedance at the 
lower frequencies. The small capacitance C, due to a loop of wire 
hooked around the top of the secondary, provides increased coupling at 
the higher frequencies to improve the response at the upper end of the 
band. 

c. Distortion, which arises from operating a vacuum tube over a 
nonlinear portion of its characteristic, consists principally of multiple 
frequencies (harmonics) and of sum-and-difference frequencies corre- 
sponding to each frequency present in the original signal. Suppose, 
for instance, that the input signal to a non-linear r-f amplifier is com- 
posed of three frequencies : 500,000; 501,000; and 501,025 cycles. The 
output then contains, in addition to the three original frequencies, the 
following distortion frequencies: 


(1) Harmonies: 1,000,000; 1,500,000 

1,002,000; 1,503,000 

1,002,050; 1,503,075 
(2) Sum frequencies: 1,001,000 ; 1,001,025 ; 1,002,025. 
(3) Difference frequencies: 1,000; 1,020, 2D 


d. The filtering action of a parallel-resonant circuit in an amplifier 
plate circuit which is tuned to about 500,000 cycles minimizes the effects 
of all these distortion components. The extent of this suppression of the 
distortion frequency components may be controlled by proper design 
of the tuned circuit. At frequencies well off resonance, the parallel cir- 
cuit offers essentially the impedance of the lowest impedance branch. 
In a ecireuit tuned to 500,000 cycles, the impedance offered to currents 
of 1,000,000 cycles is practically that of the capacitor alone, and the 
impedance offered to currents of 1,000 cycles is practically that of the 
inductor alone. Thus a low L to C ratio minimizes the voltages devel- 
oped across the parallel circuit at the distortion frequencies. Link 
coupling (fig. 104) is sometimes used to transfer energy between two 
tuned circuits. This avoids incidental coupling between the two circuits 
due to the distributed capacitance of the turns and also avolds the 
transfer of harmonies from one circuit to the other. 

e. In an af amplifier the distortion frequencies generally overlap 
components of the desired signal frequencies, so that filtering is not 
feasible. In a-f amplifiers, the problem demands prevention rather 
than cure. Class A operation is one solution. Push-pull arrangements 
are of further assistance. 

f. Of the harmonic frequencies, the second (first overtone) is usually 
the predominant one. The rest are ordinarily weak. It is the objection- 








103 





TL-2.672, 
Figure 104. Link-coupled tuned circuits. 


able second harmonic (as well as all other even-order harmonics) 
which is absent in the output of a push-pull amplifier. That this is the 
case may be seen from a consideration of the curves of figure 105. Here 
() represents a fundamental signal frequency (first harmonic) ; (2) and 
(3) are multiple-frequency curves, second and third harmonics of the 
signal, respectively. The solid curve of @ is obtained by adding the 
fundamental @ and the second harmonic @). The solid curve of ©) 1s 


NK, fa 
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@ 


TL-2673 





@ Fundamental. 

@ Second harmonic. 

8) Third harmonic. 

@ Fundamental plus second harmonic. 

® Fundamental plus third harmonic. 

® Fundamental plus second and third harmonics. 
Figure 105. Analysis of harmonic distortion. 


obtained by adding the fundamental @ and the third harmonic (@). 


Fundamental, second harmonic, and third harmonic are compounded 
to yield the solid curve of @. The resultant m () is such that if the 
negative half-cycle of the curve is shifted along the abscissa (horizon- 
tal axis), so as to be directly below the positive half-cycle, the negative 
half-cycle then presents a mirror image of the positive half-cycle about 
the abscissa. It can be shown that any combination of odd-order har- 
monics possesses this same symmetry; further, that any resultant wave 
formed by a combination of harmonics and possessing this symmetry 
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cannot contain any even-order harmonic elements. In push-pull action 
two tubes interchange roles during alternate half-cycles, so that if the 
dashed curve of figure 106 represents the output of one tube, the dotted 
curve of the same figure represents the output of the companion tube. 
Dissymmetry in the output waveform of each individual tube indicates 
definite even-order harmonic content, whereas symmetry of the com- 
bined waveform shows complete absence of any even-order harmonics. 


OUTPUT OF ONE TUBE 
OUTPUT OF OTHER TUBE 
COMBINED OUTPUT 
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Figure 106. Waveforms in a push-pull amplifier. 


g. Push-pull operation serves to lessen distortion in other ways. 

(1) The direct currents present in the two halves of the output trans- 
former primary balance each other in their magnetic effects, so that 
the core cannot become saturated with direct current. (Saturation is 
a state of magnetization of the core which results from reasonably 
large currents, so that further increase in current produces only a 
small increase in magnetic induction.) 

(2) Alternating-current components of  plate-supply potential 
which are due to incomplete filtering, produce no effect in the stout 
transformer secondary, since the potentials thus developed across the 
primary balance each other. Because of the difficulty of obtaining 
perfect balance, particularly in tubes, the full possibilities of push-pull 
amplifiers are seldom realized in practice. However, under conditions 
of moderately good balance, the push-pull amplifier offers a definite 
improvement in quality over a comparable single-ended amplifier. 

hh For doubling the frequency at radio frequencies in a transmitter 
with a single-ended amplifier operating into an appropriately cane 
LC circuit, harmonic distortion within the tube is deliberately 
encouraged. 
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SECTION VII 


TUNED RADIO-FREQUENCY RECEIVER 





67. Principle of t-r-f Receiver 


The tuned radio-frequency receiver, or, aS it is more commonly 
called, the t-r-f receiver, consists of one or more stages of r-f amplifica- 
tion, a detector stage, and one or more stages of a-f amplification. A 
block diagram of a typical t-r-f receiver is shown in figure 107. Radio 
energy waves from a distant transmitter cause a r-f signal current to 
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Figure 107. Block diagram of a t-r-f receiver, showing the 
signal passing through the recevver. 


flow in the receiving antenna. This r-f signal is amplified by the r-f 
amplifier stages, and is then detected, or demodulated, by the detector. 
The resulting a-f output from the detector stage is amplified by the 
a-f amplifier stages, and the audible sound is heard in either a loud- 
speaker or earphones. The waveforms below the block diagram of figure 
107 give a comparative indication of this process of converting r-f 
signals into intelligible a-f signals. 


. 68. R-f Amplifiers 


a. Tuned r-f amplifier stages increase the selectivity and the senst- 


tivity of the t-r-f receiver. The more stages that are used the greater 


will be this increase. Important aspects of the r-f amplifier to be 


considered are the types of tubes, r-f transformers, capacitors, and 
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resistors employed, and the nature of band spread and special de- 
coupling circuits. 

b. The tubes generally used in r-f amplifiers are tetrodes and pentodes. 
Any tube suitable for voltage amplification may be used. Triodes, which 
were used at one time, are not as satisfactory because they have a strong 
tendency to cause undesirable oscillations in r-f amplifier stages. They 
also require very careful neutralization (adjustment) to prevent feed- 
back from stage to stage. 

c. The basic circuit of a pentode class A t-r-f amplifier is shown in 
figure 108. The tuned circuit L,C, is coupled to coil L, which in this 
ease is the antenna coil, but could be the plate coil of a preceding stage. 
Resistor R, and capacitor C, are the cathode bias resistor and cathode 
bypass capacitor. Capacitor C,; is the screen bypass capacitor and &, 
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Figure 108. R-f stage cf a t-r-f receiver. 


is the screen voltage-dropping resistor. A second tuned circuit, D.C;, 
is coupled to coil Ly. Coils L and L, form the primary and secondary 
windings, respectively, of an r-f transformer. Coils LZ, and L, also 
form an r-f transformer. | 

d. The r-f transformer used in most t-r-f receivers consists of a 
primary coil and a secondary coil. The secondary coil L, is designed to 
cover the desired frequency range when tuned by the tuning capacitor 
C, connected across the secondary. Most r-f transformers in use at the 
present time are of the air-core type. A few special types may be found 
which use powdered-iron cores when the frequency of operation is not 
too high. If a receiver is required to cover a greater frequency range 
than one coil and tuning capacitor will provide, the tuning circuits of 
the receiver must be changed to tune to these additional frequency 
bands. One system is to use plug-in coils, which may be changed to 
provide the different tuning ranges required. Another system is to 
mount the various coils for the different frequencies in the receiver, 
and bring the leads out to a multi-contact rotary switch. This is called 
band surtching, and by turning the switch, any desired band can be 
selected. In both methods the same tuning capacitors are used for all 
tuning ranges. Both systems of band changing are widely used in 
Signal Corps receivers. 

e. Most t-r-f receivers use two or three r-f stages preceding the 
detector, with each stage tuned to the same frequency. It is therefore 
more convenient to have all of the tuning capacitors mounted on a 
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common shaft, so that all stages can be tuned simultaneously. These 
are called ganged variable capacitors. In a receiver having two r-f 
stages, a three-gang capacitor would be used, with one of its sections 
tuning each of the three tuned circuits in the receiver. When these 
tuning circuits are ganged, the coils and the capacitors must be identical. 
This is necessary in order that all the circuits will tune to the same 
frequency for any dial setting. Inaccuracies of the coils and capacitors, 
and stray circuit capacitances will prevent the circuits from tuning to 
the same frequency. Thus, there must be some method of compensating 
for these irregularities. This is provided by connecting small trimmer 
capacitors across each tuning capacitor. These trimmers are adjusted 
with a serew driver or small wrench, so that each circuit may be tuned 
exactly to the signal frequency. This process is known as alignment. 
In practice, these capacitors are adjusted at the h-f end of the dial, 
where the plates of the tuning capacitors are meshed very little and 
their capacitances are small. The circuits will now be properly adjusted 
at one dial setting, but they may not tune to identical frequencies at 
other dial settings. In some sets, this is corrected by slotting the end 
rotor plates of the tuning capacitors, so that any portion of the end 
plates may be bent closer to or farther away from the stator plates. 
When all of the stages tune to identical frequencies at all dial settings 
they are said to be tracking, and maximum gain will be obtained from 
the receiver. In receivers using band changing, the trimmers for each 
range are usually mounted on the individual coils. In receivers cover- 
ing only one band, the trimmers are usually located on the ganged 
capacitors, one for each section. 

f. Resistors used in the r-f amplifier and in the detector circuits are 
practically all of the small carbon type. The wattage rating will 
depend upon the voltage drop in the resistor and the current through it. 

g. Band spread is the process of spreading out a small section of the 
tuning range of a receiver over the entire scale of a separate tuning dial. 
The purpose of band spread is to assist in separating stations crowded 
together in a small space on the main tuning dial. There are two types 
of band spread: electrical and mechanical. 

(1) In electrical band spread, a small variable capacitor is connected 
in parallel with the main tuning capacitor in the tuned circuit. The 


tuning range of the band-spread capacitor 1s only a fraction of the 
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@ Parallel capacitor band spread. @) Tapped-cotl band spread. 
Figure 109. Two types of electrical band spread. 
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range of the main tuning capacitor. To increase the amount of band 
spread, the small capacitor may be tapped down on the coll, so that it 
tunes only a small portion of the coil. Figure 109 shows two methods 
of electrical band spread. 

(2) In mechanical band spread, the band-spread dial is geared to the 
main tuning dial, so that one complete rotation of the band-spread dial 
moves the main tuning dial and capacitor over only a fraction of 
lts range. | ; 

h. When several amplifier stages are operated from a common plate 
supply, there is a possibility of undesirable oscillations being set up 
because the plate circuits of the various stages are coupled together by 
the common impedance of the plate supply. (See fig. 110@).) Note 
that the plate voltage of both tubes is obtained from a common B, or 
plate, supply. The internal resistance of this common supply is repre- 
sented by &. Any change of plate-current flow in tube 2, such as a 
signal current, will cause a change of voltage across R. This causes a 





Figure 110. R-f amplifer, without and with decoupling circuit. 


change of the B supply voltage to the plate of tube 1, and induces a 
voltage in L,, which is connected to the grid circuit of tube 2. This 
tube will amplify the change and it will appear across Ly, as a larger 
change. Thus, it can be seen that a part of a signal from the plate of 
tube 2 is fed back to the grid circuit of the same tube. This condition 
may cause unwanted oscillations. Circuits to prevent this condition are 
called decoupling circuits, and shown in figure 110@). The capacitors 
C and C,, together with resistors R, and f;, make up the decoupling 
circuit. The resistors R, and R, offer a high impedance to the signal 
voltage, while the capacitors C and C, bypass the signal voltage around 
the B supply. A choke coil may be used instead of the resistors R, and 
f,. The bypass capacitors for the cathode, screen-grid, and plate 


109 


circuits in t-r-f receivers are usually paper capacitors, except in circuits 
intended to operate on extremely high frequencies and in receivers 
designed for special applications, such as aircraft receivers. In most 
Signal Corps receivers, the paper capacitors are inclosed in metal 
cases, two or three capacitors often being grouped together im one can. 
Where one connection to each capacitor is connected to eround in the 
circuit, the metal can itself is often the common-ground terminal. In 
 gome cases, a Single terminal may be provided as a common ground 


for all capacitors in the can. 
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Figure 112. Detector output volume control. 





ing signal. The development of the variable-mu pentode tube makes 


69. Detector Circuits 

Since the voltage amplification of the r-f amplifiers of the modern 
t-r-f receiver is relatively great, the signal voltage at the input circuit 
of the detector stage is quite large. As the grid-leak detector is easily 
overloaded by such large voltages, it 1s rarely used in present day t-r-f 
receivers. The two most widely used detector circuits are the diode 
detector and the power detector. 


70. Volume Control 


-q. Because all signals will not arrive at the receiving antenna with 
equal intensity, a gain or volume control is provided so that the volume 
of the signal received can be varied. This can be accomplished by vari- 
ous means. Those most commonly used are shown in figures 111 and 112. 
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Figure 111. Grid-bias volume control. 


In figure 111, the control is in the erid-bias circuit of a varlable-mu 
pentode r-f amplifier. It will be recalled that varying the bias of 
variable-mu tubes causes the amplification factor to increase or cecrease, 
thus controlling the gain of the stage. The resistor R provides the 
proper bias for maximum gain when R, is adjusted to zero resistance. 
The biag voltages of all r-f amplifier tubes in the receiver are usually 
controlled when this method is used. Another method, illustrated in 
figure 112, controls the amount of a-f voltage applied to the grid of the 
a-f amplifier from the diode detector. 

b. Once the volume or gain control of a receiver has been set, the 
output should remain constant, regardless of the strength of the incom- 
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this possible, since the amplification of the tube may be controlled by 
the grid-bias voltage. All that is needed, then, for automatic volume 
control is a source of voltage which becomes more negative as the 
signal strength becomes greater. If this voltage is applied as bias to 
the grids of the variable-mu r-f amplifier stages, the grids will become 
more negative as the signals grow stronger. This will reduce the 
amplification, thus tending to keep the output of the receiver at a 
constant level. The load resistor of the diode detector is an excellent 
source of this voltage, as the rectified signal voltage will increase and 
decrease with the signal strength. A typical detector diode with an 
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Figure 118. Automatic volume-control circuit. 
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automatic volume control (a-v-c) circuit is shown in figure 113. The 
signal is rectified by the diode detector, and the rectified current 
flowing through the load resistor causes a voltage drop across the 
resistor, as indicated in figure 113. The negative voltage developed is 
impressed on the grids of the variable-mu tubes in the r-f stages. Any 
Increase m signal strength results in a greater voltage drop and thus 
I$ an Increase in negative bias to the amplifiers. This results in a 
decrease in signal strength to the detector. A decrease in signal strength 
to the detector reduces the amount of negative bias on the amplifier 
tubes, increases gain in those stages and the input to the detector 
mereases. The filter circuit removes the a-f component of the signal 
and only the slower variations due to fading or change in position of 
the receiver effect the gain of the amplifier stages. Automatic volume 
control is particularly desirable for mobile receivers in which the signal 
strength is changeable as the receiver is moved. . 


c. The variable-mu tube is designed to operate with a minimum bias 
of about 3 volts. This minimum bias is usually provided by a cathode 
resistor, and the a-v-c bias is in series with it. A disadvantage of 
ordinary automatic volume control is that even the weakest signal 
reduces the amplification slightly. An adaptation which avoids this 1s 
shown in figure 114, and is referred to as delayed automatic volume 
control. In this particular circuit the a-v-c diode is separate from the 
detector diode, and both are housed in the same vacuum tube with a 
pentode amplifier. The tube is called a duplex-diode pentode. Part of 
the energy which is fed to the plate of the detector diode is coupled to 
the a-v-c diode section by the small capacitor C. The plate of the a-v-c 
diode is maintained at a negative voltage by means of a cathode-biasing 
resistor R. This keeps it from rectifying and producing the a-v-c voltage 
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Figure 114. Delayed automatic volume control. 


until the peak voltage coupled to it through C counterbalances the 
negative voltage of the diode. For very weak signals, which do not 
produce enough voltage on the plate of the a-v-c diode to overcome the 
existing negative potential, no a-v-¢ voltage is developed. Thus, the 
sensitivity of the receiver remains the same as if automatic volume 
control were not being used. On the other hand, when normal strength 
signals are being received, which do not need maximum sensitivity of 
the set, enough voltage will be coupled to the a-v-c diode to overcome 
the small negative plate potential and produce an a-y-c voltage drop 
across resistor R. This voltage has the a-f and r-f components filtered 
from it and is applied to the grids of the variable-mu tubes, as in the 
ordinary a-v-e circuit. 

d. Duplex-diode triode and duplex-diode pentode tubes are widely 
used to supply a source of a-v-c voltage. In addition, the second diode 
in these tubes is used, together with the cathode, as a diode-detector 
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circuit, and the triode or pentode section is used as a separate amplifier 
Thus, by the use of such multi-element tubes, the functions of detection 
a-v-G voltage rectification, and amplification, is combined within x 
single tube. 


71. A-f Amplifiers 


Since the signal output of a detector stage in a t-r-f receiver is low 
or weak, it is usual to have at least one stage of a-f amplification. The 
output of this first a-f amplifier may be further amplified if necessary 
depending upon the requirements of the receiver. A headset oe 
require no further amplification after the first a-f stage, while a large 
loudspeaker may require several additional stages of a amplification. 


72. Shielding 


In order to prevent coupling between two circuits, metal shields are 
used ; iron for a-f circuits, and copper or aluminum for r-f circuits. All 
shields should be grounded to the chassis of the receiver, which i the 
common ground for all connections in the set. Since shielding changes 
the inductance of a coil, it changes the resonance frequency to eich it 
responds. It is necessary, therefore, to make many adjustments in 
radio sets with the shields in place. 


73. Circuit of a t-r-f Receiver 


a. The complete circuit diagram of a five-tube tuned r-f receiver is 
shown in figure 115. This receiver uses three pentode r-f amplifier 
stages, a diode-detector stage, and a pentode a-f amplifier Stage 
energizing a loudspeaker. The A supply (heater voltage) and B supply - 
(plate voltage) are furnished the vacuum tubes by means of batteries 
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Figure 115. T-r-f receiver with automatic volume control. 
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when the double-pole single-throw switch is closed. The dotted lines 
connecting the four tuning capacitors indicate that these capacitors 
are ganged. A small trimmer capacitor is connected in parallel with 
each section of the ganged tuning capacitor for proper alignment of 
the receiver. These small trimmers compensate for inequalities in any 
of the circuit constants. The detector stage is considered as a diode, 
since the grid and the plate are connected together. Figures 116 to 
120, inclusive, reproduce this same receiver diagram with various 
circuits emphasized to facilitate study. 

b. In figure 116, all parts of the t-r-f receiver at ground, or chassis, 
potential are denoted by heavy lines. All points on the heavy (ground ) 
line will be at the same potential, which is considered to be zero volts 
with respect to the rest of the receiver circuit. All voltages in the 
receiver are compared to this ground potential. 
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Figure 116. T-r-f receiver. Ground-potential elements 
denoted by heavy lines. 
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Figure 117. T-r-f receiver. Elements at high r-f potential 
denoted by heavy lines. 
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c. In figure 117, all of the elements of the t-r-f receiver at high r-f 
potential are denoted by heavy lnes. By means of this diagram, it is 
quite simple to trace the path of the r-f signal from the antenna circuit 
to the diode detector. 
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Figure 118. T-r-f receiver. (D-c plate supply shown by heavy lines.) 


d. In figure 118, the high voltage d-c plate supply is shown by heavy 
lines. When the switch is closed, the four pentodes receive the high 
positive plate voltage necessary for their action as amplifiers. The diode, 
operating as a detector, does not require d-c plate voltage. Note the 
decoupling resistors in the plate leads of the first three pentodes. 
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igure 119. T-r-f receiver. (Detector circuit shown in heavy lines.) 


e. In figure 119, the complete detector circuit is shown in heavy lines. 
The tube used in this stage is considered to be a diode. The grid and the 
plate of the triode are connected, or tied together, resulting in a 
two-element tube, or diode. The rectified or detected signal is taken 
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from a portion of the potentiometer R (through a capacitor) to the 
srid of the pentode a-f amplifier. 

f. In figure 120, the a-v-c circuit is shown in heavy lines. The 
rectified signal voltage necessary for the operation of an a-v-c circuit 1s 
taken off the negative end of the potentiometer A, and returned to the 
first two stages of the receiver. It should be noted that only the first 
and second r-f amplifiers are supplied with an a-v-c voltage in this 
receiver. A switch is provided for short-circuiting the a-v-c when it 1s 
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Figure 120. T-r-f receiver. (A-v-c circuit shown in heavy lines.) 


not desired. If this is done, the potentiometer & is then used as a 
manual control of volume without affecting the normal operation of 
the t-r-f receiver. 


74. Capabilities of t-r-f Receiver 


Although the t-r-f receiver will give satisfactory results when cover- 
ing a single low- or medium-frequency band, such as the broadcast 
band, it has several disadvantages which make it impractical for use 
in high-frequency or multi-band receivers. The chief disadvantage of 
the t-r-f receiver is that its selectivity (ability to separate signals) 
does not remain constant over its tuning range. As the set is tuned 
from the low-frequency end of its tuning range toward the higher fre- 
quencies, its selectivity decreases. At the high frequencies, which are 
widely used for Signal Corps communication, this lack of selectivity 
becomes extremely troublesome. Also, the amplification, or gain, of the 
t-r-f receiver is not constant with frequency. It is very difficult to 
design r-f amplifiers which will provide sufficient amplification for 
communication requirements at extremely high frequencies. The super- 
heterodyne receiver has been developed to overcome these disadvantages. 
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SECTION Vill 


SUPERHETERODYNE RECEIVER 





75. Principles of Superheterodyne Operation 


a. The essential difference between the t-r-f receiver and the super- 
heterodyne receiver is that in the t-r-f receiver the r-f signal is ampli- 
fied at the frequency of the signal, while in the superheterodyne receiver 
the signal is amplified at a new, lower frequency called the intermediate 
frequency. 

b. The deficiencies of the t-r-f receiver (par. 74) are largely over- 
come in the superheterodyne receiver by combining the received signal 
with a different frequency in the receiver to produce a lower inter- 
mediate frequency. Though much lower than the original, this new 
frequency retains all the modulation characteristics of the old signal. 
By amplifying this lower frequency, it is possible to use circuits which 
are more selective and capable of greater amplification than the circuits 
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Figure 121. Block diagram of super heterodyne receiver, showing 
signal passing through receiwer. 


used in t-r-f receivers. The block diagram of a typical superheterodyne 
receiver shown in figure 121 indicates the manner in which the signal 
changes as it goes through the different stages. The received r-f signal 
is first passed through a r-f amplifier. A locally generated unmodulated 
r-f signal is then mixed with the carrier frequency in the mixer stage. 
This produces an intermediate frequency signal which contains all 
the modulation characteristics of the original signal, but is much lower 
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in frequency. This intermediate frequency is amplified in one or more 
stages, called intermediate-frequency amplifiers, and is then fed into 
the second detector, where it is detected or demodulated. The detected 
signal is amplified in the af amplifier and then fed to a headset 
or loudspeaker. 

c. The conversion of the original r-f signal to the intermediate fre- 
quency is an important function of the superheterodyne receiver. By 
means of a vacuum tube operating as a detector, it is possible to change 
the frequency of a radio signal to another frequency, and yet retain 
everything that existed in the original signal. This process 1s known 
as frequency conversion. The tube is called a mixer, or converter, and 
sometimes a first detector. If a 1,000-kilocyele signal and 1,465-kilocycle 
signal are fed into a mixer, various frequencies are obtained in the 
output. One of the most prominent of these is the beat frequency, 
which is the difference between the two, or 465 kilocycles. This 1s the 
interemediate frequency. In the superheterodyne receiver these two 
signals come from different sources. One of them is the received signal. 
The other comes from a special stage used in all superheterodynes, 
known as the local, or heterodyne oscillator. Unlike the received signal, 
the signal from the heterodyne oscillator is unmodulated. In the 
superheterodyne receiver the intermediate frequency is set at a definite 
value. The frequency of the local oscillator must differ from that of the 
signal being received by an amount equal to this intermediate frequency. 
Thus, as the receiver is tuned to signals of various frequencies, the local 
oscillator must be tuned simultaneously so that its frequency is always 
separated from that of the signal by the same amount. For example, 
if the intermediate frequency is 465 kilocycles, a commonly used 
frequency, and the range of the receiver is from 900 to 25,000 kilocyeles, 
the oscillator would have to operate over a range of either 35 to 24,535 
kilocycles or 965 to 25,465 kilocycles. Whether the oscillator frequencies 
are higher or lower than the signal, the difference is still 465 kilocycles. 
The higher range is generally used, except when receiving signals of 
rather high frequencies. The i-f amplifier stages are permanently tuned 
to 465 kilocycles. 


76. Frequency Conversion 


a. The combined circuits of the oscillator stage and mixer stage | 


form the frequency converter of the superheterodyne receiver. There 
are a large number of possible combinations of tubes and circuits which 
may be employed for frequency conversion. Triodes, pentodes, and 
multi-element tubes are used in various circuits, and several methods 
are used to mix the oscillator-output frequency with the incoming- 
signal frequency in the mixer stage. The oscillator output may be fed 
into the grid, cathode, or suppressor-grid circuit of the mixer tube; 
or the coupling may be achieved by means of a special erid built 
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into the tube for that purpose. Multi-element converter tubes have 
been designed so that the functions of oscillating and mixing may be 
combined in one tube; the pentagrid converter tube is an example of 
this widely used type. : 

b. When the frequency converter uses a separate, single tube as a 
local oscillator, the basic circuit is similar to the diagram shown in 
figure 122. A pentagrid (five-grid) mixer tube (fig. 122) combines 
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Figure 122. Pentagrid mixer. 


the frequency from the oscillator (usually a triode) with the incoming 
r-f carrier. 

c. A typical frequency-converter circuit using a triode oscillator 
and a triode mixer is shown in figure 123. The oscillator output is 
fed or injected into the grid of the mixer through a coupling eapacitor. 
This is known as grid injection. The coil and tuning capacitor in the 
mixer-grid circuit are tuned to the frequency of the incoming r-f signal. 
The oscillator grid circuit is tuned to a frequency lower or higher than 
the signal frequency by an amount equal to the intermediate frequency. 
The 1-£ transformer in the plate cricuit of the mixer stage is tuned 
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rose ’ os 
to the intermediate frequency. The oscillator uses the same circuit as 
the regenerative detector studied in paragraph 54. The feedback is 
of such a value that the circuit is oscillating at a frequency determined 
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by the values of Z and C. The capacitors C and C; are ganged $0 that, 
as the frequency of the signal being received is changed, the oscillator 
frequency will also be changed. | 

d. Two other means of coupling the mixer and local oscillator are 
shown in figure 124, where a pentagrid mixer and triode oscillator are 
used. Figure 124@) shows the local oscillator coupled to the mixer 
tube by means of coil Lz in the cathode circuit of the mixer tube. The 
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 @ By means of coil L, in cathode circuit of mixer tube. 
@ By means of injection grid of mixer tube 
Figure 124. Local oscillator-to-mixer coupling methods. 


r-f voltage induced in coil Ls causes the plate current of the mixer 
tube to fluctuate at this frequency. The incoming signal induced in 
coil Lz in the grid circuit of the mixer also affects the plate current. 
These two frequencies are mixed together and the beat between them, 
which is the i-f frequency, will be produced in the tuned plate circuit. 
Interaction between the oscillator and mixer is reduced somewhat by 
coupling the oscillator voltage to the cathode, as shown. Figure 124@) 
shows a second method of frequency-conversion coupling between a 
pentagrid mixer having two independent control grids and a separate 
local-oscillator tube. Besides a heater and a cathode, the tube has 
five concentric grids and a plate. Grid 1, which is nearest the cathode, 
and grid 3 are the control grids of the tube, while grids 2 and 4 are 
screen grids. Grid 5 is a suppressor grid. The local oscillator 1s coupled 
to grid 3, and the incoming signal is applied to grid 1, which is called 
the signal grid. The voltages applied to these grids affect the plate 
current, thus producing a beat note or intermediate frequency in the 
plate circuit of the tube. This tube provides superior performance in 
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the high-frequency bands because of the excellent shielding between 
the oscillator and signal grids. 

e. Another type of frequency conversion employs a single tube having 
the oscillator and frequency mixer combined in the same envelope. This 
type of tube also has five grids, and is called a pentagrid converter. 
The basic circuit for the pentagrid converter is shown in figure 125, 
and should be compared with the diagram in figure 122. The pentagrid 
converter depends on the electron stream from the cathode for coupling. 
It may be visualized as a device in which the plate current is modulated 
by variations in the cathode emission. The performance of a pentagrid 
converter 1s such that only one tube is necessary for converting the 
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Figure 125. Pentagrid converter. 


frequency of the desired signal from its original value to an inter- 
mediate frequency. Grids 1 and 2, and the cathode are connected to 
a conventional oscillator circuit and act as a triode oscillator. Grid 1 
is used as the grid of the oscillator, and grid 2 is used as the plate. 
In this cireuit, the two grids and the cathode can be considered as a 
composite cathode, which supplies to the rest of the tube an electron 
stream that varies at the oscillator frequency. The signal voltage is 
apphed to grid 4, which further controls the electron stream so that 
the plate-current variations are a combination of the oscillator and the 
incoming-signal frequencies. The plate circuit of the pentagrid con- 
verter is tuned to the desired intermediate frequency. Grids 3 and 5 
are connected together within the tube so as to form a screen erid which 
serves to accelerate the electron stream and to shield grid 4 electro- 
statically from the electrodes. 

f. A typical pentagrid-converter circuit is shown in figure 126. The 
incoming r-f signal is fed from LZ, into the tuned grid circuit of Le and 
Ci. It is then applied to the control grid of the tetrode section of the 
tube at grid 4. In the oscillator section of the tube, the r-f energy is 
fed back from the plate circuit inductance L, to the tuned grid circuit 
consisting of Zs, Co, and Cy. Cs is the main tuning capacitor. Grid 
bias for the tetrode section of the tube is secured by the flow of plate 
current through the cathode resistor R2. The incoming signal, and the 
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oscillator voltages are heterodyned in the electron stream flowing from 
cathode to plate. The output voltage is a beat frequency equal to the 
difference between the incoming signal and the oscillator frequencies. 





Figure 126. Coupling of oscillator to mixer by means of modulating 
electron stream from cathode of mixer tube. 


g. The capacitor C4, placed im serves with the tuning capacitor Co, 
is called a padding capacitor. This padding capacitor is necessary 
because the frequency of the oscillator tuned circuit is higher than that 
of the r-f circuit. It is thus necessary to have a low value of inductance 
and capacitance in the oscillator circuit in order to obtain a higher 
frequency. In some superheterodyne sets, this is accomplished by 
having a smaller capacitor and coil in the oscillating eircult. In others, 
such as in figure 126, it is more convenient to use the same size 
capacitors in both cireuits and reduce the value of the oscillator 
capacitor by placing a fixed or variable capacitor in series with it. 
A small trimmer capacitor may also be placed across the oscillator tuning 
capacitor to take care of any slight frequency deviations. 


77. |-f Amplifiers 


a. The intermediate-frequency amplifier is a high-gain circuit per- 
manently tuned to the frequency difference between the local oscillator 
and the incoming r-f signal. Pentode tubes are generally used In these 
amplifiers, which may consist of one, two, or three stages. Hach stage 
is adjusted to the selected intermediate frequency. Since all incoming 
sionals are converted to the same frequency by the frequency converter, 
this amplifier operates at only one frequency. The tuned circuits, 
therefore, may be permanently adjusted for maximum amplification and 
desired selectivity. It is in this amplifier that practically all of the 
voltage amplification and selectivity of the superheterodyne 1s developed. 

b. The i-f transformers used with i-f amplifiers are tuned by adjust- 
able, or trimmer, capacitors to the desired frequency. Both mica and 
air-trimmer capacitors: are used. Generally the 11 transformers are 
double tuned, that is both primary and secondary coils are tuned to 
the proper frequency. For special applications, single-tuned i-f trans- 
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formers are used, in which case the secondary winding alone is tuned. 
I-f transformers are made with both air and powdered-iron cores. 
Some iron core i-f transformers have fixed mica tuning capacitors. 
The tuning is accomplished by moving the iron cores in or out of the 
coll by means of an adjusting setscrew. This is known as permeability 
tuning. The 1 transformers and capacitors are mounted in small 
metal cans, which serve as shields. When adjustable capacitors and 
fixed inductors are used, the capacitors are small compared with the 
large ganged tuning capacitors used in r-f stages. Small adjusting 
shafts protrude from the top of these capacitors and can be reached 
through a small hole in the can with a hexagonal wrench or screw 
driver. Thus, adjustment of the capacitor is possible without removing 
the assembly from the shield. 
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Figure 127. Circuit diagram of single-stage i-f amplifier 
using pentode tube. — 


c. The diagram of a single-stage i-f amplifier using a pentode tube 
is Shown in figure 127. Transformer 7, is the input i-f transformer. 
The primary of the transformer, L,-Ci, is in the plate circuit of 
the mixer and is tuned to the selected intermediate frequency. The 
secondary circuit, Le-C2, which is inductively coupled to the primary, 
is tuned to this same frequency and serves as the input circuit to the 
grid of the tube. Resistor R; in the cathode circuit provides the necessary 
grid-bias voltage, while capacitor C3 bypasses r-f currents around this 
resistor. Resistor Ry and capacitor Cy are the screen-voltage-limiting 
resistor and the screen bypass capacitor, respectively. Resistor Rs and 
capacitor C's serve as a decoupling network to prevent any of the signal 
currents from flowing back through the circuit and causing interaction 
between stages. Capacitor Cs; furnishes a low-impedance path to the 
cathode or ground for the signal currents, while resistor Rs prevents 
any of the signal currents from flowing to the plate supply. These 
decoupling networks may be employed in grid, screen-grid, or plate 
circuits. Circuit D3-C. is the tuned-primary circuit of the second i-f 
transformer 7',. The secondary circuit L4-C7 is coupled to the primary, 
and is the input circuit of the next tube, which may be another i-f 
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amplifier or the second detector. The two resonant circuits of the 
second if transformer J. are tuned to the same frequency as the 
circuits in 74. | | 

d. Since the i-f amplifier is intended to furnish most of the gain 
of the superheterodyne the number of i-f amplifier stages used will 
depend generally on the sensitivity required of the receiving set. From 
one to three i-f amplifier stages will be found in modern superhetero- 
dyne receivers. | . 

e. The intermediate frequency of a superheterodyne will depend, in 
general, on two factors, the first of which is the desired selectivity. 
The higher the intermediate frequency, the broader (or less selective) 
will be the tuning of the receiver. The second factor is the difference 
between the signal frequency and the intermediate frequency. It 1s 
uot practical for the intermediate frequency to be very much lower ae 
the signal frequency. For this reason, recelvers used on the ee 
high frequencies often use a fairly high intermediate frequency. Ihe 
most common intermediate frequency is in the neighborhood of 456 to 
465 kilocycles, although frequencies aS low as 89 kilocycles, and as 
high as 12,000 kilocyeles, are found in receivers designed for special 
purposes. | | | 

f. If extremely sharp tuning is required of a recelver, a prezo- 
electric quartz crystal may be used as a crystal filter in the 1-f amplifier. 
The crystal acts like a tuned circuit but 1s many times more selective 
than those made of coils and capacitors. The crystal will operate only 
on one frequency which 1s determined by the thickness of the erystal. 
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Figure 128. Typical crystal-filter circutt. 


A typical erystal-filter circuit used in communications receivers 1s 
shown as figure 128. Unless steps are taken to balance it out, the 
small capacitance between the metal plates of the crystal holder will 
bypass some undesired signals around the erystal. This balancing ie 
accomplished by taking a voltage from the center-tapped coll Le, 180 

out of phase with the signal voltage, and applying it through the 
erystal-phasing capacitor C so that it bucks or neutralizes the undesired 
signal. The balanced-input circuit may be obtained either through the 
use of a split-stator capacitor, or by the use of a center-tapped coil 
as in figure 128. Closing the switch across the crystal shorts the 
erystal-filter circuit, leaving an ordinary i-f stage. The output of the 
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erystal filter is applied to a tap on Ls, which is the input circuit of 
the next stage, in order to provide the proper impedance match. 

g. To keep the intermediate frequency of a superheterodyne centered 
on its band, automatic-frequency control is sometimes used. This 
arrangement is useful in compensating for any changes in frequency 
of the local oscillator. While details of its operation can be understood 
only after studying section XIII, the principle is not difficult. If the 
intermediate frequency shifts off the center of its band, that is, varies 
slightly from its correct frequency, the discriminator (a rectifier) 
turns the frequency change into a proportionate voltage change. This 
voltage is fed to a tube in the frequency-control circuit which, together 
with a capacitor and resistor across the tank cireuit of the local 
oscillator, will change the reactance, but not the resistance of the 
tank circuit, and hence will change the frequency of the local oscillator. 
When properly adjusted, any shift in the 1-f will be applied through ° 
the automatic-frequency control circuit to bring the local oscillator to 
its correct frequency. 

h. Noise limiters are employed occasionally in the i-f circuits of 
superheterodynes to suppress strong impulses of short duration, such 
as interference from sparking motor contacts or atmospheric static. 
In one such noise limiter circuit, a part of the termediate frequency 
is diverted along a path paralleling the regular i-f amplifier. It reaches 
a special detector tube which is so heavily biased that the 1-f signal is 
stopped at this point. If a sudden sharp pulse raises the detector 
tube above cut-off, the pulse will pass through, and will be fed back out 
of phase, thus blocking the sudden pulse which will be trying to pass 
through the regular i-f amplifier. 


78. R-f Amplifiers 


a. An r-f amplifier is not absolutely necessary in a superheterodyne, 
but it is a valuable addition for the following reason. If the converter 
stage were connected directly to the antenna, unwanted signals might 
be received. These unwanted signals are called wnages. Since the 
mixer stage produces the intermediate frequency by heterodyning two 
signals whose frequency difference equals the intermediate frequency, 
any two signals whose frequencies differ by the intermediate frequency 


will produce an i-f signal. For example, if the receiver 1s tuned to receive 


a signal of 2,000 kiloeycles and the oscillator frequency 1s 1,500 kilo- 
cycles, an i-f signal of 500 kilocycles will be produced. However, a 
signal of 1,000 kilocycles finding its way into a mixer will also produce 
an i-f signal of 500 kilocycles, since the difference between its frequency 
and the oscillator frequency is 500 kilocycles. Therefore, some method 
must be found to keep these unwanted signals, or images, out of the 
mixer stage. The extra selectivity provided by an r-f amplifier is the 
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solution. Since the r-f amplifier greatly amplifies the desired signal, 
and does not amplify the image, the possibility of image interference 
is reduced considerably. 

b. Almost all superheterodyne receivers are provided with at least 
one r-f amplifier stage. The r-f amplifiers used are of the same type 
as those discussed in section VI. When used in a superheterodyne 
receiver, r-f amplifiers are sometimes called preselectors. 


79. Beat-frequency Oscillators 


a. In order to receive c-w code signals on a regenerative detector, 
it will be necessary to make the detector oscillate at a frequency 
slightly different from that of the incoming signal so as to produce 
(by heterodyning) an audible signal. (See par. 56.) In superhetero- 

-dyne receivers, this is done by a separate oscillator, known as the 
beat-frequency oscillator, which 1s tuned to a frequency that differs 
from the intermediate frequency by an audible amount. For example, 
a beat-frequency (b-f) oscillator tuned to 501 kilocyeles will produce 
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Figure 129. A b-f oscillator coupled to second detector 
of a superheterodyne. 


a beat note of 1 kilocycle, an audible frequency, when heterodyned 
with a 500-kilocycle i-f signal. The output of this oscillator is coupled 


to the second-detector state of the receiver. 
b. A b-f oscillator circuit is shown in figure 129. A switch and a 


means of frequency control are usually located on the front panel 


of the receiver to turn on the oscillator stage and to control the fre- 
quency, or pitch, of the audible signal. 


80. Second Detectors 


The detectors used in superheterodyne receivers to detect, or de- 
modulate, the intermediate frequency are of the same general types 
as those employed for t-r-f receivers. Automatic volume control is 
widely used in superheterodyne circuits. The a-v-c voltage may be 
applied to any or all of the stages before the second detector except 


the local oscillator. 
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81. Audio Amplifiers 


The a-f amplifiers used in superheterodyne receivers follow the same 
eveneral principles as those employed in t-r-f receivers. The desired 
power output is the main consideration. 


82. General Superheterodyne Circuit 


a. The cireuit diagram of a six-tube battery-operated superheterodyne 
recelver 18 shown in figure 130. This receiver has one stage of tuned 






TRF STAGE 


Louo 
SPEAKE 





VOLUME 
CONTROL 


; “Br SUPPLY 


leh 


TO ALL HEATERS 
<4 |r| TLeANIS 


Figure 130. Superheterodyne receiver. 


r-f preselection (r-f amplification) a triode acting as a local oscillator 
a pentagrid mixer, two stages of i-f amplification, a diode sipplaine 
voltage for delayed automatic volume control, a diode detector, and 
a pentode a-f power-output stage feeding into a euciepeaker: The 
heater supply and B supply (plate voltage) are furnished to the 
various stages by means of batteries when the double-pole single-throw 
switch is closed. The amplifier tubes obtain their grid bias from the 
resistor and capacitor combination in the cathode circuit of each of 
the five tubes. The dotted lines connecting the three tuning capacitors 
indicate that these variable air capacitors are ganged. Small trimmer 
capacitors are connected in parallel with each of the ganged tuning 
capacitors for proper alignment of the receiver. The first i-f stage uses 
a complex tube known as a triode-pentode. The pentode section of the 
tube Functions as a straightforward i-f amplifier, and the triode section 
operating as an oscillator, can be switched into the circuit to pyouide 
a heterodyne action for the audible reception of e-w signals. The 
second i-f stage combines several functions in one tube known as a 
duplea-diode pentode. This tube contains a pentode i-f amplifier and 
two diodes, one diode acting as straight signal detector, the other 
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supplying a rectified a-v-c voltage. Figures 131 through 134 reproduce 
this same superheterodyne recelver diagram with various circuits 
emphasized to facilitate study. 

b. In figure 131 all parts of the superheterodyne circuit relative to 
the second detector are denoted by heavy lines. A single diode (in the 
duplex-diode triode tube) supplies an audio-frequency signal voltage 
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Figure 131. Superheterodyne receiver. (Second detector circuit 
shown in heavy lines.) 


across the variable resistor, or volume control. Any portion of this 
voltage can be fed to the pentode a-f power amplifier, and the level set 
by the volume control will be maintained by action of the delayed 
automatic volume control. 
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Figure 182. Superheterodyne receiver. (Delayed a-v-c circutt 
shown in heavy lines.) 
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c. In figure 132 the delayed a-y-e circuit is shown in heavy lines. 
The rectified signal voltage necessary for the operation of an a-v-c 
circuit is obtained by the second diode of the duplex-diode triode. It is 
passed through isolating resistors, filtered by action of the r-f bypass 
capacitors, and applied both to the first r-f amplifier stage and the first 
i-f amplifier stage. 
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Figure 138. Superheterodyne recewer. (Local oscillator 
shown in heavy lines.) 


d. In figure 133 the local oscillator circuit is shown in heavy lines. 
The tuned circuit, which determines the frequency of the local oscilla- 
tions, is composed of a fixed coil and a variable amount of capacitance, 
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Figure 134. Superheterodyne receiver. (B-f oscillator for 
c-w reception shown in heavy lines.) 
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consisting of a variable air-tuning capacitor, an adjustable trimmer 
capacitor in parallel with the tuning capacitor, and an adjustable 
padding capacitor in series with the tuning capacitor. 

e. In figure 134 the b-f oscillator circutt is shown in heavy lines. The 
pentode section of the first i-f amplifier tube, a triode-pentode, functions 
as a normal i-f amplifier when the b-f-o power switch is open, as shown 
in diagram. When this switch is closed, the pentode continues to operate 
as an i-f amplifier, but oscillations also take place in the triode section 
of the tube at the frequency of its external tuned circuit. By means of a 
small variable capacitor, the frequency of this tuned circuit can be 
altered for different incoming signals, so that the local oscillations pro- 
duced in the regenerative circuit are only slightly different in frequency 
from the incoming signal. When these two frequencies are mixed in the 
first 1-f amplifier stage, there is a heterodyne action producing an 
audible signal which can be used for the reception of c-w code. 


83. Typical Army Superheterodyne Receiver 


a. A complete schematic diagram of a typical Army superheterodyne 
is shown in figure 185. This receiver is operated from 110 volts alter- 
nating current and uses eight vacuum tubes. The r-f signal voltage 
from the antenna circuit is amplified by a pentode r-f amplifier stage. 
Another radio frequency generated in the local oscillator stage is 
mixed with the signal voltage in the pentagrid mixer stage, to create an 
i-f carrier. This intermediate frequency is amplified by a pentode i-f 
amplifier stage, and is then detected by the diode detector section of a 
duplex-diode triode. The resulting a-f signal is apphed to the triode 
section of this complex tube which operates as an dudio-frequency 
voltage-amplifier stage. This signal is further amplified by a push-pull 
audio-frequency power-amplifier stage of two pentodes, and then 1s 
fed to the loudspeaker. High-voltage direct current for the plates, and 
low-voltage alternating current for the heaters of the vacuum tubes 
are obtained from the power supply stage, which uses a full-wave 
rectifier circuit. It should be noted that every tube and circuit element 
in figure 135 has an identifying number. This is to facilitate a more 
thorough analysis of the set, as the signal is traced through the receiver 
from the antenna to the speaker. 

b. Assume that the receiver is tuned to a 1,000-kilocycle signal and 
that the i-f amplifier frequency is 465 kilocycles. The signal is picked 
up by the antenna and fed to the grid of the r-f amplifier tube (VT-117) 
through the r-f coupling transformer 7;. The signal is then amplified 
by the tube and fed to the r-f coupling transformer 7. It is then 
applied to the control grid (grid 1) of the mixer tube (VT-87). The 
erid circuits of the r-f and mixer stages are both tuned to the 1,000- 
kilocyele signal by a single dial controlling the ganged capacitors Cy 
and Cs. C4, is a bypass capacitor for the grid-decoupling resistor Fy. 
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fz 1s the biasing resistor and C; the bypass capacitor for Ry. Rs is 
the screen grid voltage-dropping resistor and C, is the bypass capacitor 
for R3. Rs and C7 constitute the plate current filter which prevents 
the r-f signal from feeding back through the power supply to ground 
and thereby producing common coupling between stages. The high-fre- 
quency oscillator (VT-65) must generate oscillations 465 kilocycles 
higher in frequency than the r-f carrier. It is therefore tuned by C3 
(which is ganged with C, and C2) to 1,465 kilocycles. Co4 is a trimmer 
for C3 and Cog is a trimmer for C2; which is the padder capacitor used 
to make the oscillator track with the r-f amplifier. Ros is the oscillator- 
biasing resistor and C3 is a blocking capacitor used to prevent the 
oscillator inductor from shorting Re. Re, is the oscillator plate voltage- 
dropping resistor and Ces; is the bypass capacitor for Ro,. Coz also 
serves as a blocking capacitor to prevent shorting the plate voltage to 
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Figure 185. Circuit diagram of a modern Army superheterodyne receiver. 


ground. The high-frequency voltage is injected into the electron stream 
of the mixer tube by grid 3. Rg is the injector grid-biasing resistor, 
and C22 is the coupling capacitor for the oscillator. The 1,000-kilocycle 
signal and the 1,465-kilocycle signal are mixed in the electron stream 
of the mixer stage. The i-f stage functions in the same manner as the 
r-f stage, except that it always works at the intermediate frequency 
and therefore is much more efficient than the r-f stage. The i-f trans- 
formers 7’; and 7’, are permanently tuned to the 465-kilocycle inter- 
mediate frequency, and usually need only occasional checking for 
correct alignment. The lower diode section of tube 4 (VT-88) is the 
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detector, with R,; and R1, as the detector load resistor. C17 is the r-f 
bypass capacitor. With R,; it forms an r-f filter to prevent the r-f 
component of the signal from feeding into the a-f section through the 
blocking capacitor Cig and the volume control Ris. The audio signal 
voltage developed across Rig also appears across the volume control 
1g. All, or a portion, of this voltage, depending on the setting of the 
variable arm, is fed to the grid of the first audio amplifier (triode section 
of tube 4). R17 is the bias resistor for the first a-f amplifier, and C45 
is its bypass capacitor. The i-f voltage from the plate of the i-f amplifier 
tube is fed through the blocking capacitor Ci, to the upper diode plate, 
which rectifies the signal voltage to develop the a-v-c voltage. Ry, is 
the a-v-e diode load resistor. The d-c voltage developed across. this 
resistor 1s Im series with the r-f amplifier, mixer, and i-f amplifier grid 
circuits. It is applied to the grids through the a-y-c filter resistor Rip. 
Ryy and Co act as a filter to eliminate any audio component from this 
voltage, and thus prevent the grid bias of these tubes from fluctuating 
at an a-f rate. The output of the first a-f amplifier is fed to the grids 
of the push-pull amplifier through the interstage-coupling transformer 
T';. Foz is the bias resistor for both of these tubes and Cog is its bypass 
capacitor. The output of the power amplifier is fed to the voice coil of 
the speaker through the output (matching) transformer 7'¢. 

c. T; is the power transformer ; tube 8 the power rectifier; L, and Lo 
the filter chokes; Co9, Cao and Cs, the filter capacitors, and R24 the 
bleeder resistor. The specific function of each of these parts will be 
discussed in section [X. 


84. Alignment 


a. In order to operate one or several r-f stages of a superheterodyne 
with a single control, the tuning capacitors of the r-f stages and the 
oscillator are ganged together on a. common shaft. When the control 
knob is turned, the various r-f stages must. all tune to the same fre- 
quency and the local oscillator must track in such a manner that the 
frequency difference between the local oscillator and the r-f stages is 
always equal to the intermediate frequency. When the circuits are 
adjusted in this manner, they are said to be tracking. The trimmer 
(parallel) capacitors are used to assure tracking at the high-frequency 
end of the band, and the padder (series) capacitors are used to assure 
tracking at the low-frequency end of the band. In general, only the 
local oscillator is suppled with a padder capacitor. It igs also necessary 
to adjust the i-f stages so that they all tune to the intermediate fre- 
quency. Misalignment in any stage of a superheterodyne will cause a 
decrease of sensitivity or selectivity, or both. 

b. A calibrated oscillator or signal generator, insulated screw drivers, 
insulated adjustment wrenches, and some form of output indicator are 
necessary to properly align a modern superheterodyne receiver. The 
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signal generator is an oscillator calibrated in frequency and capable of 
delivering either a c-w or a modulated signal. Provision is made for 
controlling the output signal voltage from a few microvolts to the full 
output voltage. The insulated screw drivers and wrenches are used to 
adjust the tuned circuits. The screw drivers and wrenches may be of a 
composition material and usually have bits and heads of metal, which 
give more substantial service and at the same time place a minimum of 
metal in the field of the circuit that is being adjusted. The output 
indicator may be an output meter, loudspeaker, headset, oscillograph, 
or a tuning-indicator tube. 
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SECTION IX 


POWER SUPPLIES 


85. Power Requirements of Radio 


a. Vacuum tubes used in various circuits of radio receivers and 
transmitters require voltages of various values for the filament, screen, 
and plate circuits. It is the purpose of the power supply to provide 
these voltages. Except for filament power, which can be alternating 
current, the output from a power supply must be as nearly pure direct 
current as possible, and the voltage must be of the correct value for the 
apparatus for which it is to be used. Radio transmitters require more 
power than receivers. Consequently, transmitter power supplies operate 
at higher voltages, with greater current flowing. 

b. Power to heat the filaments of tubes is sometimes called the A 
supply, and normally will be a low voltage. In portable field radio sets 
the cathode, or filament, power supply is furnished by batteries, gen- 
erators, or dynamotors. Semiportable and mobile sets generally use 
storage batteries for filament-heating purposes. In permanent ground 
installations, filaments are heated from the standard a-c lighting 
circuit through a step-down transformer. 

c. The plate and screen power supply is sometimes called the B 
supply, and will usually be a high voltage. The plate supply in a 
lightweight transceiver (small combined transmitter and receiver) is 
furnished by batteries. Dynamotors driven by storage batteries or by 
hand are generally used for plate power in portable and mobile sets, 
while many large semiportable transmitters carry gasoline-engine- 
driven generator equipment. Permanent installations ordinarily use 
some sort of rectifier-filter system plate supply. 

d. When a grid-bias voltage is used, it 1s sometimes called the C 
supply. Grid bias for voltage amplifiers 1s customarily taken from a 
part of the plate supply by some means of self-bias. For large power- 
amplifier tubes a separate rectifier-filter system or d-c generator is 
frequently employed. 

e. Radio power supphes may be divided into three general classes: 
battery, a-c, and electro-mechanical systems. 


86. Battery Power Supply 


Small portable receivers and transmitters usually operate from dry 
batteries. The current drain from the batteries is low and the apparatus 
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can be operated several hours from this type of supply before it must 
be replaced. Battery packs containing the filament, plate, and grid 
batteries are provided for some sets; separate filament, plate, and grid 
batteries are used in others. Batteries have the advantage of being 
capable of delivering a smooth, unfluctuating direct current. Where 
large voltages and currents are required, however, they become 
cumbersome and expensive. 


87. A-c Power Supply 


a. This type of power supply is generally used whenever commercial 
power is available. The Army also uses it for field installations which 
are equipped with gasoline engine driven generators designed to supply 
a source of alternating current. An a-c operated power system differs 
from other types mm that no batteries or mechanical devices are used. 
It makes use of an a-c source of power, and since the usual commercial 
supply is 110-volt, 60-cycle, this voltage will be assumed in the following 
discussion of a-c power supplies. 

b. All a-c operated power supplies may be divided into four parts: 
the transformer, rectifier, filter, and bleeder, or voltage divider system. 
The transformer provides a means of increasing or decreasing the 
voltage by transformer action. (See par. 27.) The rectifier serves to 
convert the alternating current to pulsating direct current. The filter 
smooths out the pulsating direct current, and the voltage divided system 
is used to obtain various d-¢ voltages for the plate, screen, and control- 
erid circuits. 


88. Vacuum-tube Rectifiers 


a. The diode finds its most important use as a rectifying tube in both 
transmitter and receiver power supplies. A simple a-c rectifier con- 
sisting of a single diode is shown in figure 136. When an a-c voltage 
is applied between points A and B, electrons will flow from the cathode 
to the plate of the diode during the positive alternation of each cycle 


(between points 1 and 2 in figure 136@). During the next alternation, 
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Figure 186. Half-wave rectifier. 


between points 2 and 3, the plate voltage is negative with respect to 
the cathode and no current will flow in the circuit. Thus, since the 


diode will pass current only during the positive alternation of each 
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eyele, current will flow in only one direction through load resistor L. 
Since only one-half of each cycle is used in this type of rectifier, it is 
called a half-wave rectifier. Figure 136@) shows the a-c input and 
136@) the pulsating output voltage of a half-wave rectifier. It should 
be noted that the d-c pulsations have the same frequency as the applied 
a-c voltage. This makes it difficult to filter properly. If a higher 
voltage is necessary, a step-up transformer may be used. 

b. A full-wave rectifier consists of two half-wave rectifiers working 
on opposite alternations, thus utilizing the complete cycle of alternating 
current. The two rectifiers are connected in such a manner that both 
half-waves are comboned in the output, as shown in figure 187. Refer- 
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Figure 187 Full-wave rectifier. 


ring to figure 1387, assume that during the first alternation the plate of 
tube A is positive with respect to the center tap of the transformer. 
Since the plate of this tube is positive, electrons will flow as indicated 
_ by the solid arrows. During the next alternation the voltage across the 
secondary winding of the transformer will be reversed, thus making 
the plate of tube B positive with respect to the center tap, and the 
plate of tube A negative. No current will flow through tube A because 
the plate is now negative. The plate of tube B is positive, however, 
and electrons again will flow through load resistor LZ. Electron flow 
during the negative alternation is represented by the dotted arrows. 
It should be noted that current through resistor LZ is always in the 
same direction. Observe also that there are two d-c pulsations for each 
a-c cycle, one for the positive alternation and one for the negative 
alternation. Thus it may be seen that both alternations are combined 
and that the output pulsations of a full-wave rectifier are twice the 
frequency of the input power. This results in lower filter requirements. 
For relatively low voltages, such as those required in receivers, the 
full-wave rectifier may consist of two plates and a filament or cathode 
in one envelope. For the higher voltages required in transmitters, two 
separate tubes are usually used. 
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c. Vacuum-tube rectifiers are of two general types, high-vacuum and 
mercury-vapor tubes. The former offers the advantage of ruggedness, 
the latter, high efficiency. Both tubes contain two elements, a plate 
and a cathode, and both operate on the principle of current flow only 
during intervals of positive plate potential. High-vacwum diodes are 
employed as rectifiers for power supplies of radio receivers and low- 
powered stages of transmitters. The voltage drop across this type of recti- 
fier 18 proportional to the current drawn through the tube, and is fairly 
high in comparison to some other types. The mercury-vapor rectifier tube 
is of greatest value where high voltage and large current are to be 
handled. The voltage drop across a mercury-vapor tube is extremely 
low, being approximately 15 volts regardless of the current drawn 
by the load. 


89. Power Supply Filters 


a. The output of vacuum-tube rectifier systems is made up of pulsa- 
tions of current and voltage, all in the same (positive) direction. Before 
this rectified voltage can be applied to the plate or grid circuits, it 
must be smoothed out into a steady, nonfluctuating d-c flow. Such 


smoothing out of the pulsations is accomplished by means of filter 


circuits, which are electric networks consisting of series inductors and 
shunt capacitors. Filter circuits may be classified as capacitor-input 
or choke-input filters, depending on whether the filter input consists 
of a shunt capacitor or a series inductor (choke coil). Figure 138@ 
shows a filter of the capacitor-input type; figure 138@) shows a choke- 
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Figure 138. Types of filter networks. 
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input type. A resistance load connected to the output of a full-wave 
rectifier 1s shown in figure 139@). The voltage across the load will 
follow the rectified a-c pulsations as shown in figure 139@). This is 
the condition for a rectifier without a filter network. 


af aon 


7L-4666 


Figure 139. Load connected across output of a full-wave rectifier, 
and current waveform through the load. 
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b. The capacitor-input filter (fig. 140@)) is the simplest type of filter 
and consists of a single capacitor, C, connected across the rectifier 
output and in parallel with the load. During the time the rectified 


alternating current is approaching its peak value, it is charging the © 


capacitor and delivering a current to the load. After reaching the 
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G) Rectifier with capacitor filter. 
(@) Voltage across C with small load current. 
(3) Voltage across C with large load current. 


figure 140. A capacitor filter and output waveforms with 
small and large loads. 


peak voltage, the output of the rectifier begins to decrease until the 
alternation is completed. During this decrease in applied voltage, the 
capacitor has a higher voltage than the rectifier-output voltage. As the 
capacitor cannot discharge back through the rectifier tube, it must 
release its energy through the load. The values of the capacitor and 
the applied voltage determine the amount which the capacitor can 
store. If the load current is small, the capacitor will discharge slowly. 
(See fig. 140@).) <A large load current will cause the capacitor to 
discharge more rapidly. (See fig. 140@).) This filter, while eliminating 
some of the ripple voltage from the output of the rectifier system, has 
several disadvantages. The amount of ripple voltage remaining in the 
output is greater than can be tolerated in the plate supplies of receivers, 
amplifiers, and radiotelephone transmitting equipment. Another dis- 
advantage of the capacitor-input type of filter is the heavy current 
drawn through the rectifier tube. While the capacitor is charging, it 
draws a current several times that drawn by the load. This charging 
current plus the load current may be great enough to cause damage to 
the rectifier tube. The capacitor-input system is not advisable when 
using the merecury-vapor rectifier tube at high voltages, because the 
heavy rush of current which charges the capacitor may damage 
the cathode. 

c. A series choke may be added to the simple capacitor filter of figure 
140@) with an appreciable improvement in the filtering action. Such a 
capacitor-input filter is shown in figure 141. The inductor, or choke coil, 
has an iron core, and may be from 10 to 45 henrys in value. Care must 
be exercised when replacing choke coils in faulty power supplies. A 
choke coil designed for use on the negative side of the filter system is 
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not sufficiently insulated to withstand the high voltages which exist 
between the positive side and ground. Since the entire load current 
flows through this choke, it should have small resistance to direct cur- 
rent. The choke coil offers high opposition to the pulsations in the 
current. This property of coil Z produces a smoothing effect upon the 
rectified output, and when combined with shunt capacitor C, an additive 
smoothing effect is produced. The action of the capacitor when used 
with the choke is similar to that of the single capacitor filter: capacitor 
C ‘charges during the increase in voltage until the peak is reached, 
and the current begins to flow through ZL to the load at the same time. 


oe 4 
RECTIFIER aL. 


TL-4688 











Figure 141. A simple capacitor filter with choke coil. 


But the inductance of choke coil Z prevents any rapid change in the 
current flowing to the load and thus helps capacitor C to store energy 
until the next charge. The complete action of this type of filter 1s shown 
in figure 142. The capacitor has become fully charged at A of figure 
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GQ) Rectifier output. 
@) Capacitor charge and discharge cycle. 
| @3) Waveform of filter output. 
Figure 142. Waveforms of filter shown in figure 141. 


142@) and the input voltage is beginning to decrease. The choke, by 
its inductive action, opposes any decrease in the load current, and the 
capacitor, being charged to a higher voltage than the apphed voltage, 
begins to discharge slowly through the coil. But before the capacitor 
has lost much of its charge, it begins to receive another charge from 
the next impulse, as shown at B of figure 142(2). The capacitor receives 
energy from the rectifier during the time interval from BtoC (fig. 142@)), 
again becoming charged to approximately the peak voltage of the rectified 
wave. The action of the choke and capacitor for the second alternation 
of the wave is the same as for the first, and this is repeated for every 
half-cycle. The output voltage waveform applied to the load is shown 
in figure 142@). 
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d. The addition of a second shunt capacitor C, across the capacitor- 
input filter, as shown in figure 148, lowers the ripple output voltage 
below that of figure 142@). This network, consisting of one choke coil 
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Figure 148. Circuit of a complete capacitor-input filter and 
waveform of the output. 


and two shunt capacitors, is considered one filter section. If a more 
elaborate system is desired, another section may be added, as shown 
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Figure 144. Two-section capacitor-input filter and output waveform. 


in figure 144, considerably improving the output voltage to an almost 
steady condition. 

e. The choke-input type of filter, like the capacitor-input filter, may 
have several different forms. A simple choke-input filter, consisting 
of a single inductor, is shown in figure 145. The output voltage wave- 
form (across the load) for a given rectifier waveform, is also shown in 
figure 145. The choke coil offers a high reactance, or opposition, to any 


RECTIFIER OUTPUT 


A Beste, See Bed. 
TO Po a Oe ee 
RECTIFIER LOAD , ; i i : ; fo aha 
/ \f \ 
ey nal 
7TL-BOQ92 


Figure 145. Choke-input filter and output waveform. 


change in the current flowing through it. The filter-input voltage 
increases from zero at the beginning of the input alternation, but the 
current builds up more slowly than in capacitor-input systems. The 
eoil smooths out some of the ripple voltage by opposing any sudden 
increase in current flowing through it, and acts to keep the current at a 
steady value when the output from the rectifier begins to decrease. The 
coil likewise delays the decrease in current until the second alternation 
from the rectifier again begins to supply energy to the circuit. The 
same process is repeated for each succeeding alternation. 
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f. A single capacitor added to the simple choke-input filter of figure 
145, will eliminate more of the ripple from the filter output. The 
capacitor is placed across the output in parallel with the load, and is 
known as a single-section choke-input filter. The circuit of a single- 
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Figure 146 Single-section and two-section choke-input filters, showing 
input and output waveforms. 


section filter is shown in figure 146@), with the voltage output wave 
(across the load) for a given waveform from the rectifier. A two-section 
filter, with similar waveforms is shown in figure 146(@). 

g. The capacitor-input and inductor-input filters have been shown 
to have about the same effect upon the ripple component of the rectifier- 
output wave. However, they possess quite different characteristics in 
another respect. The first capacitor of the capacitor-input filter system 
is charged to approximately the peak voltage of the rectified alter- 
nating current and does not completely discharge between alternations 
or pulsations. The capacitor remains charged very near to this peak 
voltage, thereby keeping the output voltage of the filter system at a 
value comparable to its peak input voltage. For small load currents, 
the voltage output from the filter will approximate the peak voltage 
of the rectified alternating current. However, the output voltage drops 
off rapidly as the load current increases. A capacitor-input filter will 
give satisfactory service only in applications where the load conditions 
are reasonably constant, such as a class A amplifier, where the average 
value of current drawn from the power supply does not vary. The 
output voltage from a power supply using a choke-input filter will be 
approximately equal to the average value of the rectified a-c voltage. 
This type of filter finds its greatest use where constant voltage must be 
maintained under varying load conditions, as is the case with class B 
amplifiers. 


90. Bleeders 


In most power supply units, the rectifier tube is of the filament type 
which begins to pass current immediately after it is turned on. The 
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tubes used in receivers and amplifiers, however, are usually of the 
indirectly heated type, and do not begin operating as soon as the high 
voltage is applied. A bleeder resistor places a load on the power supply 
immediately, thus preventing any high-voltage surge through the unit. 
In transmitter power supplies, the bleeder serves as a device to maintain 
a more constant voltage when the transmitter is keyed. The bleeder 
also serves to discharge the capacitors in the power supply after it has 
been shut off, thus eliminating any danger of a high-voltage shock to 
the operator, should he have occasion to repair the equipment. 


91. Voltage Dividers 


a. The various tubes and the different tube elements require different 
voltages, which may be obtained by means of a voltage divider con- 
nected across the output terminals of the filter. This voltage divider 
also serves as a bleeder resistor, with the bleeder current usually 
averaging between 10 and 15 per cent of the total current drawn from 
the power supply. The currents flowing through the resistor and the 
value of resistance between the taps determine the division of voltage 
alone the voltage divider. The voltage and current requirements for 
the load must be determined before the power supply and voltage 
divider can be designed. Any change in the load current drawn from 
any particular tap on the voltage divider will affect the voltage dis- 
tribution of the entire voltage-dividing system. 

b. A voltage-divider system typical of those used in modern receivers 
is shown in figure 147. The voltage divider is connected across the 
output terminals, A and FH, of the capacitor-input filter, with taps at 
B, C, and D properly located to provide the voltages shown in the 
diagram. The taps A, B, and C are at a positive voltage with respect 
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Figure 147. Voltage-divider circuit for radio receiver. 
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to tap D, which is grounded. The terminal at EH is negative with respect 
to DP, and any tap along the resistor between D and FE will be negative 
with respect to ground. In this instance the maximum plate voltage 
required is 300 volts for the power-output tubes, and the maximum 
negative voltage is 25 volts for bias to the grids of these tubes. The 
total voltage of the power supply must therefore be 325 volts. The 
total current drain for all tubes in this case is 85 milliamperes. To 
this must be added the bleeder drain 15 milliamperes, making a. total 
current of 100 milliamperes required from the power supply. Figure 
147 shows this total of 100 milliamperes flowing from the filter to 
point A of the voltage divider, where it then divides: 60 milliamperes 
go to the plate circuit of the output tubes, and the remaining 40 
milliamperes pass through the resistor R,, to point B. The voltage 
drop across Ry, which is necessary to decrease the filter-output voltage 
to 200 volts for the plates of the amplifier tubes, must be 100 volts. 
Hence, to calculate the value of R,, divide the required drop (100) by 
the current flowing through R,, which in this instance is 40 milliamperes. | 
Thus £, establishes a voltage of 200 volts between points B and D 
on the voltage divider. By Ohm’s law: 

Ry ae For aa a 2,000 ohms 

At B the current divides, so that 20 milliamperes is delivered to the 
amplifier tubes and 20 milliamperes continue through resistor R: to 
terminal C. The resistor Kz must decrease the voltage from 200 to 
90 volts with 20 milliamperes flowing through it. This is a voltage 
drop of 110 volts and by Ohm’s law it is found to be 5,500 ohms. At C 
the current drain again divides, so that 5 milliamperes is delivered to 
the screen grid and the oscillator plate circuit. The remaining 15 
milliamperes, which is the bleeder current, passes from C to D, causing 
a voltage drop of 90 volts between C and the grounded tap D. The 
resistance of the resistor between C and D, again calculated by Ohm’s 
law, is 6,000 ohms. Bias for the r-f and a-f amplifier tubes may be 
obtained from taps X and Y properly located between D and E, or 
by resistors in series with the cathode circuits. Power dissipation for 
each resistor may be calculated by the formulas J?R or EI. The latter 
formula is preferable in this particular example, since the voltage 
across each resistor has already been established. The resistors used 
should be of proper wattage rating to carry safely whatever current 
must flow through them, without undue rise in temperature. It has 
been found that resistors maintain their values and have longer life 


if they are worked at about 50 percent of their rated power-carrying 


capacity. The power expanded in resistor R, is 4 watts; therefore, 
it should have a rating of 8 watts to conform to the rule given above. 
A 10-watt resistor is the closest stock size to this value and is thus 
the logical choice. 
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92. Electro-mechanical Power Supplies 


Electro-mechanical power equipment includes motor generators, 
gasoline engine driven generators, hand-driven generators, dynamotors, 
and vibrator systems. (AIl of these electro-mechanical power supplies, 
with the exception of dynamotors and vibrators, are discussed in 
TM 1-455.) Dynamotors and vibrators are used in radio power circuits 
where it is necessary to convert a low d-c voltage (such as might be 
supplied by the ignition battery of a truck, tank, or airplane) to the 
higher voltages required for receiver and transmitter operation. 


93. Dynamotors 


a. A dynamotor is used to change a low d-c voltage to a high d-e 
voltage, thereby fulfilling the requirements of radio receivers and 
transmitters. It is essentially a motor and a generator mounted, or 
wound, on a common frame. A single field winding 1s used to provide 
the magnetic field for both driving and generating purposes. The 
armature consists ef two windings, both of which are wound on the 


same armature core, but connected to separate commutators. One 


winding serves to produce the driving force when energized by a 
low d-c voltage. The other winding generates a high voltage when 
rotated within the magnetic field. 

b. The functional characteristics of a dynamotor are shown in 
figure 148. The heavy line indicates the low-voltage motor circuit. 
Current from the battery flows through the field coils and the motor 
winding of the armature, setting up a magnetic field around both. These 
magnetic fields oppose each other and cause the armature to rotate. 
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Figure 148. Functional diagram of a dynamotor. 


Since the armature and field windings are in parallel this 1s called 
a shunt-wound motor. With this type of winding the speed of the 
motor remains fairly constant with changes in the load placed upon it 
by the generator. The high-voltage winding, represented by the finer 
lines between the fields (fig. 148) is wound on the same armature so 
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that it will rotate with the motor winding. When turning, it cuts the 
lines of force of the common field and generates a voltage which is 
collected by the brushes at the high-voltage commutator. The greater 
the number of turns in the high-voltage armature winding the greater 
will be the voltage output. 

c. Filters are placed in the high-voltage leads to filter out high- 
frequency currents produced by sparking between the brushes and the 
commutator segments, so that it does not cause interference with 
radio reception. The filter consists of a combination of r-f chokes and 
capacitors. The purpose of the chokes is to prevent circulation of the 
r-f energy through the external wiring. The capacitors bypass this 
energy to ground. Some additional audio filtering must also be provided 
to eliminate commutator ripple. This will usually consist of a series 
inductor of comparatively high value, and a shunt capacitor. Functional 
characteristics of the audio filter are similar to filtering action discussed © 
under a-c power supplies. 

d. The circuit diagram of a typical dynamotor power supply is shown 


in figure 149. Filter 1 is an r-f unit to eliminate any r-f energy in the 
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Figure 149. Diagram of dynamotor power supply and filter networks. 


low-voltage circuit. M is the motor section of the dynamotor and is 
connected to the battery, which provides driving power. G is the 
generator side of the dynamotor and the output from this unit is fed 
through the choke coils 2, 8, and 4. Chokes 2 and 3 are r-f choke coils; 
choke 4 is an iron-core coil. In combination with the capacitors across 
the line, these chokes serve to prevent radiation of r-f energy and to 
reduce commutator ripple in the output voltage. 

e. The maintenance of dynamotors is important to their efficient 
operation. 

(1) If a dynamotor stops, there may be an open circuit in the motor 
armature, or the field. As a first step, fuses should be checked in the 
low-voltage supply circuit. 

(2) If the dynamotor runs but no high aiaee is present, the trouble 
is in the generator section of the armature. Fuses in the high-voltage 
circuit should be checked. 

(3) Brushes and commutators may cause trouble if oil or dirt collect 
on them. Worn brushes should be replaced. 
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(4) Excessive sparking at the commutator is an indication of com- 
mutator trouble. High mica is a condition where the copper commutator 
segments have worn below the strips of mica which separate and 
insulate them. The remedy is to undercut the mica until it is below the 
surface of the copper, and sand the commutator smooth. Do not use 
emery paper. Kmery dust will short circuit the commutator segments. 


94. Vibrator Supplies 


a. This type of supply is used to obtain a high d-e voltage from a 
comparatively low d-c source. A vibrator power supply is much more 
efficient than a dynamotor and is used extensively. A simple vibrator 
power. supply is illustrated in figure 150; it is nothing more than a 


simple interrupter similar in many respects to a buzzer, or doorbell. 
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Figure 150. Basic vibrator power-supply system. 


The pulsating d-c current is used to energize the primary winding of 
a transformer which in turn induces an a-c voltage in the secondary. 
The-turns ratio of the transformer windings are proportioned to give 
the desired output voltage. Referring to figure 150, when the switch 
is closed, current will flow through the primary of the transformer, 
through the electromagnet, and then back to the battery. In passing 
through the electromagnet it will set up a magnetic field drawing the 
armature A over to it. This action breaks the circuit at B. As soon as 
the circuit is broken, the electromagnet will no longer attract the 
armature, thus allowing the spring C to pull it back to the starting 
position. At the starting position, contact B again closes the circuit and 
the process is repeated. In this way there flows through the primary of 
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the transformer a pulsating direct current which induces a high voltage 
in the secondary winding. The output voltage of the secondary is applied 
to a conventional rectifier and filter network which changes the alter- 
nating current back to direct current, but at a new and higher voltage. 

b. A more complete circuit diagram of a typical vibrator power 
supply is shown in figure 151. A better waveform in the output voltage 
is obtained in this circuit by the use of the center-tapped primary of 
the transformer. When the primary circuit is closed, the vibrating reed 
D is drawn down by the electromagnet A until it closes contact B. When 
this contact closes, a pulse of current flows through the lower half of 
the primary winding of the transformer. At the same time the electro- 
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Figure 151. Typical vibrator supply and filter system. 


magnet 1s shorted out by contact B, and loses its attraction for the 
vibrating reed, thus allowing it to spring back and make contact at C. 
This contact completes the primary circuit through the upper half of 
the primary winding and another pulse of current flows. As soon as 
the reed breaks the connection at B, the current from the battery again 
can flow through the electromagnet. The electromagnet then pulls the 
reed down once again, repeating the entire process. Voltage which 
appears across the secondary will be alternating. Capacitor Cs smoothes 
out the surges of current. In order to prevent r-f interference caused 
by sparking at the points B and C filter choke RFC and capacitor C, 
are placed in the circuit. The entire unit is placed in a metal can 
to shield nearby sets from any interference caused by the vibrator. 


95. Voltage Regulators 


a. For certain purposes, such as supplying voltage for the operation 
of a self-controlled oscillator in a transmitter, or for the high-frequency 
oscillator in a superheterodyne receiver, constant voltage must be 
maintained. A satisfactory method of accomplishing this is by means 
of a gaseous voltage-regulator tube. These vacuum tubes are available 
for use at a number of different voltages and are designed to maintain 


a constant voltage drop across their terminals when connected as shown 
in figure 152Q). 
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b. The operation of voltage-regulator tubes is relatively simple. As 
the voltage across the tube tends to increase the internal resistance of 
the tube decreases; thus, more current is drawn through the series- 
limiting resistor, and the voltage across the tube is maintained at a 


+ + 
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Figure 152. Voltage-regulator circuits. 


constant level. Conversely, if the voltage across the tube tends to 
decrease, the internal resistance increases, less current is drawn through 
the series-limiting resistor, and again the voltage across the tube remains 
constant. The starting voltage required to bring the tube to the point 
of conduction is somewhat higher than the operating voltage. The 
current necessary to keep the tube functioning is usually about 5 milli- 
amperes, and the maximum current which the tube can pass without 
injury is approximately 30 milliamperes. These tubes may be used in 
series to give higher voltages. Such a circuit is shown in figure 152@). 
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SECTION X 


VACUUM-TUBE OSCILLATORS 


96. Vacuum-tube Oscillators 


a. Oscillators are a necessary part of every transmitter and every 
superheterodyne receiver. In addition, they are used in signal gen- 
erators, heterodyne frequency meters, and other instruments used for 
testing and adjusting radio equipment. Because oscillators are used 
for many purposes and many frequency ranges, a number of different 
oscillator circuits have been devised. However, the operation of all 
vacuum-tube oscillators is fundamentally the same. 

b. A vacuum tube may be made to oscillate or generate a-c power 
because it is able to amplify. To cause an amplifier to oscillate, the 
output (plate) circuit must be coupled to the input (grid) circuit in 
such a way that part of the output voltage is fed back and applied to 
the grid. This signal is amplified and, when it is increased beyond a 
certain critical point, sustained oscillations result. 

c. To produce oscillations in a circuit, two conditions must be satis- 
fied. First, it is necessary that there be feedback from.the plate to 
the grid circuits in such a way as to add to, or reinforce, the voltage on 
the grid; this is called positive or regeneratwe feedback. Second, it is 
necessary that the feedback be sufficient to transfer enough power back 
to the grid circuit to overcome any losses in the tuned circuit. The 
feedback may be accomplished by inductive, capacitive, or resistive 
coupling. In general, the frequency of the oscillations produced in a 
circuit depends upon the values of the inductance and capacitance in the 
circuit. Thus, by using the proper coils and capacitors, it 1s possible to 
generate oscillations from the very low audio frequencies to the very 
high radio frequencies. The vacuum tube itself does not oscillate; the 
oscillations actually take place in a tuned circuit. The vacuum tube 
functions as an electrical valve which automatically controls the 
release of energy into this circuit to maintain oscillations. 


97. Principles of Oscillation 


a. Alternating-current oscillations can be produced in a simple 
parallel-tuned circuit, because of the characteristic action of these 
circuit elements. The manner in which oscillations are produced can 
best be understood by a study of the electron flow in such a closed circuit. 
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b. An elementary oscillatory circuit is shown in figure 153. Assume 
that switch S is thrown to the left, connecting capacitor C’ across the 
battery. Electrons will flow from the top plate to the bottom plate of 
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Figure 153. An elementary oscillatory circuit. 


the capacitor, making the bottom plate negative. If the switch is then 
thrown to the right, the extra electrons which have accumulated on the 
bottom plate will return to the top plate through inductor L, thus 
creating a flow of current, and a magnetic field around ZL. When the 
extra electrons have left the bottom plate, the charges on each plate 
are equal. The flow of electrons tends to cease, causing the magnetic 
field to start collapsing. In collapsing, the field induces a voltage 
across L which aids the flow of electrons to the upper plate, since a 
magnetic field acts to prevent any change in the flow of electrons. 
This causes more electrons to leave the bottom plate and accumulate 
on the upper plate, making it negative with respect to the bottom plate. 
When the field around ZL has completely collapsed, the flow of electrons 
to the upper plate stops. The electrons which have accumulated on the 
upper plate now flow back to the bottom plate, again creating an 
expanding magnetic field about L. When C is discharged and the flow 
of electrons tends to cease, the magnetic field starts to collapse. The 
collapsing field aids the flow of electrons to the bottom plate, again 
making it negative with respect to the top plate. Thus, a current 
oscillates back and forth, alternately charging C, first in one direction 
and then in the other, and producing an alternating voltage across the 
entire tuned circuit. The oscillating or alternating current has a 
certain frequency which is determined by the length of time required 
for the charging and discharging of capacitor C through inductor L. 
The larger the values of C and L, the longer is the required time and, 
therefore, the lower the frequency. 

c. If the oscillatory circuit had no resistance, there would be nothing 
to impede the flow of the oscillatory current, and the oscillations would 
continue on indefinitely at the same amplitude. However, since all 
circuits and circuit elements have some resistance, a portion of the 
energy of the oscillating current is transformed into heat, which repre- 
sents a loss of energy. Therefore, with each succeeding cycle, the ampli- 
tude of the oscillating current decreases and eventually the current 
ceases to flow. The smaller the value of the circuit resistance, the 
greater the number of consecutive cycles for a single impulse of energy ; 
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Figure 164. Effect of resistance on oscillations. 


but if the circuit resistance is too great, oscillations cannot occur. This 
effect of resistance in the oscillatory circuit is shown in figure 154. 

d. If a vacuum tube is placed in the simple circuit of figure 153 
instead of the switch, the energy necessary to maintain oscillations can 
be more conveniently supplied to the tank circuit. This energy must be 
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Figure 155. A simple oscillator. 


supplied at the correct time, and fed into the grid of the vacuum tube, 
as shown in figure 155@). The frequency of this signal must be the 
same as the resonant frequency of the oscillating tank circuit. The 
circuit of figure 155@) serves as an amplifier, and therefore the output 
in the plate side of the circuit is larger than the input. 

e. If another coil, Z1, is placed in the circuit, as shown in figure 155@), 
a voltage will be induced in that coil. This voltage can now be applied 
to the grid, and there will be no necessity for an outside signal. The 
oscillator is now self-supporting and will continue to oscillate as long 
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as the d-c supply is connected. The frequency is determined by the 
values of Z and C. If the circuit were opened at some point so that 
oscillations ceased, and the circuit were then closed again, it would 
start oscillating of its own accord, because any random variations, no 
matter how small, are rapidly amplified to such a point as to start the 
circuit oscillating. 

f. It has been shown that an oscillator is something like an amplifier, 
in which a part of the amplified output is fed back from the plate 
circuit to the grid circuit. In figure 155 the feedback is accomplished 
by inductive coupling, but any form of coupling can be used, capacitive, 
or resistive. It is important that the voltage fed back have the correct 
phase (polarity) and magnitude. 

g. Vacuum-tube oscillator circuits usually operate with a high nega- 
tive grid bias, which permits plate current to flow only during the 
small part of the cycle where the a-c grid voltage is near its positive 
crest. Also, the grid of the tube is permitted to draw current. The 
energy for this grid current must be supplied by the oscillating current 
in the inductance-capacitance tank circuit. This disadvantage of sup- 
plying grid circuit losses from the oscillating current is more than 
balanced, however, by the high values of plate current which result 
and the increased efficiency in the conversion of d-c into a-c energy. 

h. Vacuum-tube oscillators may be divided into two main classes: 
self-controlled oscillators (also called self-excited oscillators), and 
crystal-controlled oscillators. 


98. Frequency of Oscillations 


The frequency at which oscillations take place in a vacuum-tube 
oscillator is determined by the resonant frequency of the tuned circuit. 
The approximate frequency of oscillations may be determined by the 
relation : 


1 
22 \/LC 
where # — cycles per second (approximate frequency of oscillations), 
L = henrys, | 
C = farads. 


By simple mathematical analysis, decreasing any factor in the denom- 
inator (other factors remaining constant), increases the value of the 
fraction. Conversely, increasing any factor in the denominator (other 
factors remaining constant), decreases the value of the fraction. Thus, 
in the above formula, decreasing either LZ or C causes an increase in 
the frequency of oscillations ; increasing either DZ or C causes a decrease 
in the frequency of oscillations. 

Example: Determine the frequency of oscillations in the circuit of 
figure 155) when Z = 16 microhenrys and C = 100 micromicrofarads. 
Converting to proper units for the formula: 
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16 ph — 0.000016 henrys 
100 ppf — 0.0000000001 farads 








Then 
el 
On \/LE 
7 1 
6.28 x \/0.000016 « 0.0000000001 


1 
~~ 6.28 x 0.00000004 


3,980,895 cycles per second, approximate frequency. 





99. Self-excited Oscillators 


a. The tickler-cow oscillator (fig. 156) is the simplest type of oscil- 
lator circuit. Coil Z and capacitor C are in the grid circuit. The feed- 
back from plate to grid is accomplished by means of the inductive 
coupling between the tickler coil Lp and the grid coil L. The frequency 





Figure 156. Tickler-coil oscillator. 


of oscillation is the resonant frequency of the tuned circuit LC. The 
erid current flowing through the resistor & (grid leak) provides the 
proper negative grid bias. Capacitor Cg bypasses the r-f currents 
around the high resistance #& and helps to keep the bias constant. The 
values of & and Cg are chosen so that the grid is biased negatively to a 
considerable extent with respect to the cathode. Practically all oscil- 
lators use grid-leak bias because these are more stable than separately 
biased oscillators. Capacitor Cz is a r-f bypass around the plate battery 
E,. When an oscillator circuit is oscillating, there will be grid current 
flowing for part of each cycle. Thus, a test for the proper operation of 
an oscillator is to measure the grid current or the grid-bias voltage. If 
these values are zero, the circuit is not oscillating. However, in measur- 
ing the grid voltage, a high-resistance voltmeter, such as a vacuum-tube 
voltmeter, must be used. Otherwise, erroneous readings ‘will result. 

b. The circuit of the tickler coil may be slightly rearranged in the 
manner shown in figure 157. When this is done the circuit is called a 
serles-fed Hartley oscillator. In this circuit a single coil is used, part of 
which is in the plate circuit and part of which is in the grid circuit. 
Capacitor C is connected across the entire coil. The resonant frequency 
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Figure 157. Series-fed Hartley oscillator. 


is determined by the values of C, L, and Lp. The feedback is due 
to inductive coupling between LZ and Lp. The amount of feedback 
can be controlled by varying the position of the cathode tap. This 
is called a serves-fed circuit because the d-c plate current flows through 
the plate coil Lp, which is in series with the d-c plate voltage. 

c. In some cases it is desirable to arrange the circuit so that the plate 
current does not flow through the plate coil, and any possibility of the 
plate coil and capacitor beg in contact with high plate voltage is 





| Co TLAT 72 
Figure 158. Parallel-fed Hartley oscillator. 


removed. This may be done by using parallel feed (sometimes called 
shunt feed). A parallel-fed Hartley oscillator is shown in figure 158. 
Capacitor Cp allows the alternating current to flow into the tuned 
circuit, but blocks the direct current and prevents the coil from short- 
circuiting the battery. A r-f choke coil prevents the battery from 
short-circuiting the alternating current. 

d. The Colpitts oscillator (fig. 159) is essentially the same circuit 
as the Hartley, except that a pair of capacitors in series, Cy and Cs, 
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Figure 159. Colpitts oscillator. 


are used in place of the cathode tap. This type of feedback is called 
capacitiwe feedback. Tuning is usually accomplished by varying the 
inductance of L, and a variometer is generally used for this purpose. 
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The coil could be fixed, however, and the tuning varied by means of 
capacitors Cy and C2, in which case they would be variable and ganged. 
Since the cathode is connected to the midpoint of two capacitors, there 
is no d-c path through the oscillator circuit, and shunt feed must be 
used. Therefore, the grid-bias resistor & must be connected directly to 


the cathode to provide the d-e grid bias. 


e. The tuned-plate tuned-grid oscillator shown in fizure 160 has a 
tuned circuit in both the plate and grid circuits. The feedback of 
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Figure 160. Tuned-plate tuned-grid oscillator. 


energy from the plate to the grid, necessary to sustain oscillations, is 
accomplished by the plate-to-grid interelectrode capacitance. Both the 
plate and grid circuits are tuned to approximately the same frequency. 

f. An oscillator circuit is usually required only to control the 
frequency, and not to deliver any appreciable amounts of power. Power 
is developed by amplification in the succeeding circuits, where load 
changes have a much smaller effect on the frequency. This is discussed 
in detail in paragraphs 102 and 103. The electron-coupled oscillator 
combines the functions of both oscillator and power amplifier in one 
tube. A typical circuit using an electron-coupled oscillator is shown 
in figure 161. The cathode, control grid, and screen grid form a series- 
fed Hartley oscillator with DC as the oscillatory circuit. The screen 
of the tube acts as the plate of the Hartley-oscillator circuit. Capacitor 
Cg bypasses the r-f current around the battery and places the screen 
at r-f ground potential (the negative terminal of the battery being 
considered as ground). The ground connection then serves as the return 
circuit for r-f energy from the screen to the oscillatory circuit LC. The 
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Figure 161. Electron-coupled oscillator. 


output circuit DpCp is connected to the plate. Since the electron stream 
is the coupling medium between the oscillator and the load, and since 
the screen which is at r-f ground potential serves as a shield between the 
circuits; this oscillator is very stable, and load variations have little 
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effect on frequency change. Another factor which aids the stability 
of the electron-coupled oscillator is that an increase in screen voltage 
will decrease the frequency, while an increase of plate voltage will 
inerease the frequency. Thus by properly adjusting the tap on resistor 
R, which is the voltage divider supplying screen voltage, the frequency 
of the electron-coupled oscillator can be made substantially independent 
of supply voltage variations. Voltage variations would cause the 
frequency of the previously discussed oscillators to shift. In figure 161, 
LpCp forms a tuned oscillatory circuit in the plate or output circuit. 
When the output circuit is tuned to a frequency which is a multiple of 
the natural frequency of the oscillator, this circuit gives frequency 
multiplication. The multiple of the original (natural) frequency is 
called the second harmonic if it is twice the frequency of the original 
oscillator frequency, and the third harmonic if it is three times the 
original frequency. | 

g. The frequency of oscillations generated by the oscillators previously 
described is affected considerably by changes in load, supply voltages, 
or temperature. This variation in frequency is very small in electron- 
coupled oscillators, but is still objectionable in certain radio circuits. 
Where precision frequency control is important, crystal-controlled 
oscillator circuits are employed. 


100. Crystal-controlled Oscillators 

a. When it is desired to hold the frequency of an oscillator to a 
certain definite value, a crystal-controlled oscillator is used. This type 
of oscillator depends for its action upon a erystal, usually of quartz. 

b. Certain crystalline substances, such as quartz, Rochelle salts, 
and tourmaline, exhibit a most interesting property. If a mechanical 
force is applied to one of these substances, a voltage is developed. Con- 
versely, if the substance is connected to a source of alternating voltage, 
the substance undergoes a change in its physical shape resulting in 
mechanical vibrations. This relationship between mechanical and elec- 
trical effects is known as the pvego-electric effect. Although many 
substances exhibit piezo-electric properties, quartz is the most suitable 
for erystal oscillators. 

c. Quartz erystals used in oscillator circuits must be cut and ground 
to extremely accurate dimensions. A typical finished quartz crystal is 
shown in figure 162@). The dimensions for such a crystal resonant at 
1,000 kilocycles would be approximately 1 by 1 by 0.1125 inch. Electrical 
contact with the quartz-crystal plate is obtained by a special crystal 
holder, which has two metal plates (between which the crystal is 
mounted), and a spring device which places mechanical pressure on the 
metal plates. A dismantled holder is shown in figure 162@), and a 
view of a complete erystal and holder is shown in figure 162). Another 
type of erystal holder is shown in figure 162@. 
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CRYSTAL SYMBOL 
TL-2746A 
@ Dismantled crystal holder. 
Q@) Finished quartz crystal. 
(3) Crystal mounted in holder. 
@) Crystal holder. 
Figure 162. Typical crystals and holders. 


d. In addition to the dimensions of a quartz crystal, which deter- 
mine its resonant frequency, there is a further classification of crystals, 
which depends on the manner in which the erystal was cut from the 
original raw crystal. Three cuts are shown in figure 163. Temperature 
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Figure 168. Some crystal cuts, 


has a different effect on each of these cuts. The X-cut crystal has a 
negative temperature coefficient ; that 1s, as the temperature increases, 
the crystal frequency decreases. The Y-cut crystal has a positive tem- 
perature coefficient; the crystal frequency increases with an increase 
in temperature. Both the X-cut and the Y-cut crystals have been almost 
entirely superseded by crystals having zero (or nearly zero) temperature 
coefficient, such as the A7’-cut crystal. 

e. When a crystal starts vibrating at its resonant frequency, it will 
take only a small force of the same frequency to obtain vibrations of 
a large amplitude. The mechanical resonant frequency of a crystal 
depends chiefly upon its thickness. When an alternating voltage is 
applied to a erystal which has the same mechanical frequency as the 
voltage applied, it will vibrate, and only a small voltage need be 
applied to the crystal to keep it vibrating. In turn, the erystal will. 
generate a large voltage at its resonant frequency. If this erystal is 
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placed between the grid and cathode of a vacuum tube, and a small 
amount of energy is taken from the plate circuit and applied to the 
erystal to keep it vibrating, the circuit will act as an oscillator. The 
natural frequency of the crystal is critical. At a frequency slightly 
higher or lower, the amplitude of the crystal vibrations 1s almost zero, 
and when the crystal stops vibrating it produces no voltage. Thus the 
frequency of a crystal-controlled oscillator must be the same as that 
of the erystal; otherwise, it will not oscillate at all. 

f. A erystal-controlled oscillator stage using a triode tube is shown in 
ficure 164. This is the same circuit as the tuned-plate tuned-grid 
oscillator circuit, with the crystal replacing the tuned-grid eircult. 
From this, it can be seen that a crystal is similar to a parallel-resonant 
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Figure 164. Crystal-controlled oscillator using triode tube. 


circuit. The feedback takes place through the plate-to-grid capacitance 
within the vacuum tube. The oscillations occur at the resonant fre- 
quency of the crystal, and the plate circuit is tuned approximately to 
this frequency. The plate circuit should not be tuned exactly to the 
erystal frequency, since this would result in erratic and unstable 
operation h, below. During oscillation, the crystal vibrates at its 
resonant frequency. The strength of these vibrations depends upon 
the voltage being fed back to it. If the feedback is too great, the 
vibrations may become strong enough to damage the crystal (the 
erystal will crack or break). The use of a tetrode or pentode tube over- 
comes this difficulty, since the plate-to-grid capacitance 1s reduced by 
the screen grid. Oscillations will still be generated because tetrodes and 
pentodes are more sensitive than triodes and require less grid voltage 
for satisfactory operation. : 






Wahi 


Figure 165. Crystal-oscillator circuit using tetrode tube. 
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g. A erystal-controlled oscillator using a tetrode is shown in figure 
165. If a pentode had been used, the circuit would be exactly the same, 
except that the suppressor grid would be connected to the cathode or 
to the ground. Circuits similar to that of figure 165 are the most 
satisfactory for frequency control of multistage transmitters. 

h. In the adjustment of a crystal oscillator, the factor of stable 
operation is to be considered. If, in figure 169, a d-c milliammeter is 
placed in the battery lead to the plate tank circuit, and the tuning 
capacitor is then changed from a low value to a high value (from a 
high frequency to a low frequency), the plate current would slowly 
decrease to a minimum and then suddenly jump to a maximum, at 
which time oscillation would cease. This procedure is shown in figure 166. 
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Figure 166. Crystal-oscillator plate-current tuning curve. 


At point C the plate circuit is tuned to the resonant frequency of the 
erystal, and the output of the plate tank circuit is maximum (minimum 
d-c current indicates a maximum a-c output). The oscillator tank 
circuit is not stable if operated at point C: any slight change in the 
loading conditions may cause the oscillator to drop out of oscillation. 
The oscillator is usually operated at the region between A and B on 
the plate-current curve. (See fig. 166.) 

v1. A Prerce crystal oscillator is a special type of erystal-controlled 
oscillator which requires no tuning control. The circuit for a Pierce 
oscillator is shown in figure 167. The crystal is connected directly 
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Figure 167. Pierce crystal oscillator. 
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from plate to grid. The circuit may be considered the equivalent of a 
Colpitts oscillator with the tuned cireuit replaced by the crystal and the 
voltage division accomplished through the plate-to-filament and erid- 
to-filament capacitance of the tube. These capacitances are represented 
by the dotted lines in figure 167. The amount of feedback depends upon 
the grid-to-cathode capacitance. A fixed capacitor C is connected 
between the grid and cathode to provide the proper amount of feedback 
for the tube and frequency used. This capacitance is not critical and, 
ordinarily, it is not necessary to change the capacitor when changing 
bands. Capacitor C, keeps the d-c voltage off the crystal and provides 
an r-f path. Resistor & is the erid-leak resistance. The chief disad- 
vantage of this oscillator is low output. 

j. The care and treatment of quartz crystals is very important for 
their efficient operation. In most erystal oscillators, it will not be 
necessary to disturb the quartz crystal. When the crystal refuses to 
oscillate and no other indications of trouble are evident, however, 1t 
may be necessary to remove the quartz erystal from the holder in order 
to clean it. Carbon tetrachloride is one of the best cleansing agents. 
Soap and water is also effective for cleaning, but considerable care must 
be exercised, since a more vigorous scrubbing action is necessary. After 
cleaning, the crystal should be washed and then dried with a clean, lint- 
free cloth. Do not allow the fingers to come into contact with the faces 
of the crystal, since oil or dirt from the fingers may prevent the crystal 
from oscillating. Handle the erystal by erasping it on the edges. Since 
it is very fragile, the quartz plate should never be dropped. 
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SECTION XI 


CONTINUOUS-WAVE TRANSMITTERS 
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101. C-w Transmission 


a. The function of a radio transmitter is to supply power to an 
antenna at a definite radio frequency, and to convey intelligence by — 
means of the signal radiated. Radio transmitters radiate waves which 
may be either of two types. One type is the continuous wave, or wnmodu- 
lated wave, whose waveform resembles the r-f current oscillating in the 
tuned tank circuit of a vacuum-tube oscillator. In this type, the peaks 
of all cycles are equal and even, and there is nothing to distinguish 
one cycle from the next. The other type of radio wave is the modulated 
wave (described in section XII and XIV), in which the amplitudes of the 
peaks vary from cycle to cycle. The continuous wave is used only for 
radiotelegraphy, that is, the transmission of short or long pulses of 
radio frequency to form the dots and dashes of Morse code. 

b. The four essential components of a radiotelegraph or c-w trans- 
mitter are: 

(1) A generator of r-f oscillations. 

(2) A means of amplifying these r-f oscillations. 

(3) A method of turning the r-f output on and off in accordance 
with the code to be transmitted (known as keying). 

(4) An antenna to radiate the keyed output of the c-w transmitter. 


102. Power Amplifiers 


a. If a vacuum-tube oscillator is connected directly to an antenna 
there will be some radiation of radio waves. However, since r-f currents 
in the oscillator circuit are relatively weak, very little power can be 
delivered to the antenna. The radiated wave, therefore, will be quite 
weak. Furthermore, putting a heavy load such as an antenna on the 
oscillator will vary the frequency to which the oscillator is tuned. 
For these reasons, it is necessary to send the oscillations through an 
r-£ amplifier before the signal is radiated from the antenna. The r-f 
amplifiers used in c-w transmitters are generally class B or class C 
power amplifiers, since an antenna radiating power requires a power 
amplifier to replenish the energy radiated. 

b. A transmitter circuit containing an oscillator coupled to an am- 
plifier, or amplifiers, is called a master-oscillator power-amplifier 
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(m-o-p-a) circuit. Such a transmitter circuit is shown in figure 168. 
Starting at the signal source of the amplifier it can be seen that the 
signal oscillations are fed to the grid of the amplifier tube through 
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Figure 168. Mastcr-oscillator power-amplifier transmitter. 


capacitor C4. This capacitor serves two purposes. It transfers the r-f 
energy and blocks the d-e voltage of the oscillator tank circuit from the 
grid of the amplifier. The r-f choke L; prevents the r-f energy from 
flowing to ground. Resistor R is the grid-bias resistor. The plate delivers 
the amplified-signal currents to the tank circuit LoC, in the form of short 
pulses or current peaks at the signal frequency, which is characteristic 
of all class C amplifiers. If there were no tuned plate circuit, these 
pulses would produce an output so distorted as to seem totally different 
from the original signal, for only part of the signal cycle is present In 
the plate-current peaks. From the discussion of the oscillatory circuit 
in section X, it will be recalled that when the tank circuit L202 1s tuned 
to the resonant frequency, the plate-current peaks will reinforce the 
tuned cireuit at just the right instant, causing the current in the tuned 
circuit to surge back and forth in time with the input signal. At any 
other frequency but the resonant frequency, this would not happen. 
These surging currents give the tank circuit the so-called flywheel effect, 
which results in the tuned cireuit making up the portion of the sine 
wave missing in the plate current pulses. The tube acts merely to 
supply the necessary power at just the right time. 

c. If the amplifier in figure 168 is adjusted so as to amplify the signal 
frequency of the oscillator, the plate tank circuits of the oscillator and 
the amplifier will both be tuned to the same frequency. The amplifier 
stage has a tuned mput circuit (the oscillator-plate tank) and a tuned 
output circuit (the amplifier-plate tank) adjusted to the same fre- 
quency ; thus the amplifier resembles a tuned-plate tuned-grid oscillator. 


Unless some precaution is taken to prevent it, the amplifier will break 


into oscillation, causing a very unstable operating condition. From the 
discussion of a regenerative oscillator, it will be recalled that the correct 
phase relationship must exist between the input and the output circuits. 
But if the tickler or plate coil is reversed, voltage will be fed back, out 
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of phase, causing degeneration and stopping oscillation. This is what 
is done in an amplifier to keep it from breaking into oscillation. In figure 
168 note that Dy, is center-tapped. High voltage is apphed to the (ank 
circuit through the r-f choke coil which is bypassed by capacitor C 
thus placing the center tap at r-f ground potential. When r-f ee 
flow through the upper half of the winding of Lz and C3 to ground, the 
lines of force, or magnetic field, induces a voltage in the lower half 
which is always out of phase with that in the upper half. Thus, a small 
amount of voltage is taken from the bottom of Lz through pan neiter Cy 
and fed to the grid. By varying the adjustable capacitor Cy the see 
amount of out-of-phase voltage can be fed back to balance the voltage 
normally fed back through the interelectrode capacitance of the ie 
and thus prevent any possible oscillation. This process is called 
neutralization, and Cy is known as the neutralizing capacitor. 

d. The output of the power amplifier is usually inductively coupled 
to the antenna circuit by means of an r-f transformer. (See fig. 168.) 


[03. Buffer Amplifiers 


a. The power amplifier shown in figure 168 is a class C amplifier 
which means that power must be furnished by the oscillator to drive fie 
amplifier. If it is desired to key the amplifier, a varying load will be 
placed on the oscillator, resulting in frequency instability. 

b. To overcome this disadvantage when extreme frequency stability is 
required, a buffer amplifier is added to the transmitter circuit. (See 
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Figure 169. Diagram cf transmitter using buffer amplifier. 


fig. 169.) The purpose of this buffer stage is to isolate the oscillator 
from the varying load caused by keying. Very little amplification is 
desired in this buffer stage, the chief requirement being isolation, not 
amplification. The ideal buffer stage is a class A avipl tes since al 7 
a is required on its grid. But any type of sang nes can be 
em 

: en eat ea in figure 169 is class B or class C, since It uses 
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104. Bias Methods 


4, All of the bias methods employed in receivers can also be used 
in transmitters. However, due to power-output requirements, class B 
or class C amplifiers are used most frequently. The employment of class 
B or class C amplifiers permits the use of grid-resistor bias. This type 
of bias is not usually used in receivers, since most stages in a receiver 
operate in class A, in which case no grid current flows. 

b. Grid-resistor bias is invariably used in the amplifier stages of radio 
transmitters. The grid-cathode circuit of the amplifier tube acts in the 
same way as the plate-cathode circuit of an ordinary diode. Current 
will flow when the grid is driven positive on signal-voltage peaks. The 
voltage developed across the grid-bias resistor consists of a Series of 
pulses of direct current, and if a filter capacitor is placed across this 
resistor, a comparatively steady value of d-c voltage will be made 
available. The polarity of this voltage will make the cathode end of 
the resistor positive and the grid end of the resistor negative. Thus, it 
can be said that the grid has a negative bias; but as long as the te 
peaks of the input-signal cycle exceed the bias voltage, the plate will 
draw current on these peaks and bias will continue to be developed. 


105. Transmitter Vacuum Tubes 


a. Very little difference exists between vacuum tubes used in receivers 
and those used in transmitters, except for size. Since most transmitter 
tubes are power tubes, designed to amplify high voltage and heavy 
current, they must be of much larger and heavier construction. 

b. The plate dissipation of a tube is the difference between the plate- 
power input and the power output. If this dissipation is ereater than 
normal, the plate will become very hot, sometimes glowing with a red 
color from this heat. If the heat becomes intense, gases may develop 
within the tube, making it unsatisfactory for further use. A transmitter 
should not be operated for any period of time if the plates of the tube 
become red, unless the service manual for the set states this to be a 
normal operating condition. Loss of bias, insufficient grid excitation, or 
improper tuning may cause overheating of a transmitter tube. | 


106. Neutralization 


a. Neutralization is the process of balancing the voltage fed back by 
the interelectrode capacitance of the tube with an equal voltage of 
opposite polarity. Dividing the plate circuit, so that the neutralization 
voltage 1s developed across part of it, is called plate neutralization. 
Developing the neutralizing voltage in the grid circuit is called grid 
neutralization. The necessity for neutralizing r-f amplifiers to prevent 
them from oscillating was explained in paragraph 102c. 

b. A typical transmitter with a neutralized amplifier is shown in 


164 


- 
| 

i 

‘ 
J 
i 

| 

| 

; 

4 

| 

i 





sin epee neon oye nse roe nna RM HUNT p mG ARR RRR NRCS ese orn ttn ar beet enolic in eehle eam ste eytieeedeu 








figure 170, where the amplifier-tube interelectrode capacitance is indi- 
cated by dotted lines. The actual process of neutralization can be 
carried out in a number of ways. 
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Figure 170. Transmitter with neutralized amplifier. 


c. Where it is possible to remove the plate voltage from the amplifier 
stage, neutralization can be accomplished in the following manner. 
With excitation present at the grid of the amplifier, the plate voltage 
is removed from the stage. If there is a milliammeter in the amplifier- 
erid circuit, the neutralizing capacitor is adjusted until there is no 
change of grid current when the amplifier plate circuit is tuned through 
resonance. If there is no milliammeter in the grid circuit, a test for 
neutralization may be made by determining whether or not any r-f 
voltage is present in the amplifier plate circuit. A neon glow bulb, a 
loop of wire attached to a small flashlight bulb, or a sensitive r-f galva- 
nometer loosely coupled to the tank, should show no r-f voltage when 
the stage is properly neutralized. Also, if there is no reaction on the 
plate and grid currents of the exciting stage as the amplifier is tuned 
through resonance, the stage is properly neutralized. 

d. In some transmitter circuits it is more convenient to turn off the 
filament voltage on the amplifier stage instead of removing the plate 
voltage. If this is done, the process of neutralization is carried out in 
the same manner as above. 

e. To obtain complete neutralization, the transmitter must be designed 
so that there is no coupling between the input (grid) and output 
(plate) circuits of the amplifier stages, other than through the inter- 
electrode capacitance of the tubes. The input and output inductors 
must be electromagnetically shielded from each other, or placed at right 
angles to each other, so that their fields cannot interact. The wiring 
and arrangement of the component parts must be such that stray 
capacitive or inductive coupling is at a minimum. 

f. Cross neutralization of a push-pull amplifier is accomplished as 
shown in figure 171@. The plate of tube 1 is joined with the grid of 
tube 2 through a neutralizing capacitor ; and the plate of tube 2 is joined 
with the grid of tube 1 through another neutralizing capacitor. The 
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@ Push-pull stage neutralization. 
(2) Rice system of neutralization. 
Figure 171. Neutralization circuits. 


r-f voltage across each neutralizing capacitor counteracts the r-f voltage 
across the interelectrode capacitance of the tube to whose grid it 1s 
connected. 

g. A special method of amplifier neutralization known as the Rice 
system is shown in figure 171@). This arrangement is similar to that of 
figure 170, except that the Rice system utilizes a split-input circuit in 
place of a split-output circuit. 

h. The use of well-shielded tetrode or pentode tubes obviates the 
necessity of neutralizing, as the plate and grid are shielded from each 
other by the screen grid. However, the overall efficiency of these tubes 
Is not as great as triodes, since there is a screen-grid power loss. The 
high impedance of such tubes makes them more suitable for voltage 
amplifiers than for final output stages, where power output is the prime 
factor. Low-excitation requirements make tetrodes and pentodes es- 
pecially suitable as intermediate stages of a transmitter. 

1. A typical erystal-controlled oscillator, followed by a buffer or 


. driving amplifier using a tetrode and a triode power amplifier, is shown 


in figure 172. The erystal oscillator is a conventional pentode circuit 
which provides sufficient output to excite the intermediate tetrode 
amplifier. The excitation is taken from a tap on the oscillator inductor, 
since the tetrode is comparatively easy to excite for full output. This 
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places a light load on the oscillator, which prevents instability, even 
though the intermediate amplifier may be keyed. Capacitor Cy bypasses 
the cathode to ground. This prevents any r-f voltage from being 
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Figure 172. Crystal-controlled oscillator, tetrode driving amplifier, 
and triode final amplvfier. 


developed in the keying leads, which might cause regeneration and 
possible oscillation. Resistor R; is a dropping resistor which reduces 


the voltage to the proper value for the screen grid. Capacitor C2 is the 


screen grid bypass, and it places the screen grid at ground potential 
for r-f, thus electrostatically shielding the grid from the plate. This 
prevents any feedback within the tube, and does away with the 
necessity of neutralizing this stage. The final amplifier is neutralized 
by capacitor Cy, utilizing a grid neutralizing circuit. With excitation 
applied to the grid of the final amplifier, Cy is adjusted to such a 
position that tuning the plate circuit capacitor Cs through resonance 
causes no deflection in the grid-current reading on milliammeter As. 


107. Frequency Multipliers 


a. Since the natural resonant frequency of a crystal is proportional 
to the size and thickness of the crystal plate (that is, the thinner the 
erystal the higher the frequency) there is a physical lLmit to the 
thickness a crystal can be ground and, therefore, a limit to the highest 
resonant frequency of the crystal. If it is necessary to operate the radio 
transmitter on a frequency much higher than that obtainable with a 
erystal, frequency multipliers are used. 

b. Frequency multiplication is made possible by the fact that if a 
vacuum tube is operated in a certain manner, harmonic distortion 
is developed in the plate circuit. A harmonic is a multiple of the original 
or fundamental frequency. Thus, the second harmonic is twice the 
fundamental, the third harmonic is three times the fundamental, and 
so on. Ordinarily harmonic distortion is to be avoided in an amplifier 
circuit, because the distortion alters the waveshape of the original 
sional. However, when frequency multiplication is required, the signal 
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is deliberately distorted to form strong harmonics, and the desired 
harmonic frequency is selected with a properly tuned circuit. 

c. Since the output of a class C amplifier is greatly distorted, fre- 
quency multipliers are generally operated in this manner. In fact, 
the tubes of some frequency multipliers are biased far more negatively 
than an ordinary class C amplifier, in order to introduce the greatest 
possible distortion. The higher the grid bias, however, the greater the 
erid excitation, or drive, required. The plate tank circuit is tuned to 
the harmonic desired, while the grid circuit is tuned to the fundamental 
frequency. The flywheel effect of the plate tank circuit will make up 
the remaining portion of the sine wave of the harmonic-frequency peaks 
furnished by the vacuum tube. This is the same effect described in 
paragraph 102b. 

d. Three important conditions must prevail in order to obtain an 
efficient frequency multiplier: high grid drive or excitation, high grid 
bias, and a plate tank circuit tuned to the desired harmonic. If the 
second harmonic is selected, the circuit is called a frequency doubler ; 
if the third harmonic is used, the circuit is called a frequency tripler, 
and so on. 

e. If an amplifier is operated on the fundamental frequency, it 
requires neutralization, because the plate and grid circuits are tuned 
to the same frequency. However, if the circuit is operated as a fre- 
quency multiplier it does not require neutralization, since the plate 
and grid circuits are not tuned to the same frequency. 

f. Certain amplifier circuits are suited to the generation of even 
harmonies and others to the generation of odd harmonics. A push-pull 
circuit has the ability to produce only odd harmonies (third, fifth, 
seventh, and so on). Even-order harmonies can be produced by a 
push-push amplifier similar to the circuit shown in figure 173. 

g. In a push-push amplifier (fig. 173), the grids are connected in 
push-pull, and consequently are 180° out of phase. When the exciting 
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Figure 178. Push-push amplifier. 


voltage on one grid reaches its maximum positive peak, the other grid 
is at maximum negative potential, and the second alternation of the 
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cycle reverses the respective grid potentials. Thus, pulsating plate 
current flows first in one tube and then in the other. By connecting the 
plates in parallel, the output impulses are in the same direction, and 
the tank circuit receives two impulses for each cycle of excitation. 
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Figure 174. Parasitic oscillatory circuits wn transmitter 
shown in figure 170. 
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Push-push doublers do not depend on tube-distortion characteristics, 
and are capable of greater output and higher plate efficiency than a 
distortion-type amplifier used for doubling. The normal power output 
of an amplifier when operated as a frequency multiplier is less than 
when operated at the fundamental frequency. 


108. Parasitic Oscillations 


Circuit conditions in an oscillator or amplifier may be such that 
secondary oscillations occur at frequencies other than that desired. 
Such oscillations are appropriately termed parasitic oscillations, and 
are to be avoided. The energy required to maintain parasitic oscillations 
is wasted so far as useful output is concerned. A circuit afflicted with 
parasitics has low efficiency and frequently operates erratically. Figure 
174 shows some of the incidental circuits which may give rise to para- 
sities in the transmitter circuit of figure 170. The dotted lines in figure 
174@ outline a high-frequency circuit, and those of (2) outline an ultra- 
high-frequency circuit. That part of the transmitter which constitutes 
-a possible low-frequency parasitic circuit is shown in @). Parasitic 
oscillations can be suppressed by placing resistors or r-f chokes at 
appropriate positions in the circuits, or by slightly modifying the 
existing values of certain circuit elements. Also, care should be used 
in the physical arrangement and wiring of parts. 


109. Keying Systems 


a. Keying a c-w transmitter causes an r-f signal to be radiated only 
when the key contacts are closed. When the key is open the transmitter 
will not radiate energy. Keying is accomplished in either the oscillator 
or amplifier stages of the transmitter. A number of different keying 
systems are used in Army transmitters. 

b. The two circuits @ and @) of figure 175 show the most common 
methods of keying a transmitter when the keying is accomplished in 
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Figure 175. Two methods of oscillator keying. 


the oscillator stage of the transmitter. If the filament of the tube is 
heated by a d-c current, the negative side of the filament corresponds 
to the center-tapped transformer connection of the a-c filament. In 
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figure 175@ the grid circuit is closed at all times, and the key opens 
and closes the negative side of the plate circuit. This system is called 
plate keying. When the key is open, no plate current can flow, and the 
tube does not oscillate. In figure 175@) the grid and the plate circuits 
are both open when the key is open, and both are closed when the key 
is closed. Although the circuits of figure 175 may be used to key ampli- 
fiers, other keying methods are generally employed, because of the 
larger values of plate current and higher voltages encountered. 

c. The operation of the keying circuit of figure 176@) is similar 
to that of the cathode-resistor grid-biasing method. With the key open, 
the plate current flows through resistor £1, in a direction which makes 
the end connected to grid resistor Rg negative with respect to the 
cathode end. If R, is of a high enough value, the bias developed is 
sufficient to cause practical cut-off of the plate current. Complete 
cut-off is not possible with this system, since the bias developed across 
R, depends upon the flow of current through it. However, the blocking 
is sufficient for practical keying. Depressing the key short-circuits 
resistor R,, thus removing the bias and allowing the normal flow of 
plate current. Grid resistor Re is the usual grid-leak resistor for 
normal operating bias. 
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Figure 176. Two methods of blocked-grid Leying. 


d. The block-grid keying of figure 176@) affords complete cut-off 
of plate current, and is one of the best methods for keying amplifier 
stages. in Army transmitters. With the key open, two-thirds of 1,000 
volts, or 667 volts, are across the 200,000-ohm resistor ; that 1s, 667 volts 
are applied to the plate; and one-third of 1,000 volts, or 333 volts, are 
across the 100,000-ohm resistor, so that 333 plus 100, or 433 volts of 
negative bias are applied to the grid. No plate current can flow under 
these conditions. With the key down and short-circuiting the 100,000- 
ohm resistor, the full 1,000-volt plate supply appears across plate to 
cathode, while the grid bias is reduced to 100 volts. Under these con- 
ditions the amplifier operates normally. 

e. In transmitters having an oscillator followed by one stage or more 
of power amplification, the keying may be accomplished by any arrange- 
ment which best fulfills the needs. In some portable field sets, the 
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transmitting key opens and closes the plate circuits of all the tubes 
used in the transmitter. This removes the entire load from the plate 
power supply while the key is open. The power is usually obtained 
from storage batteries, or from a hand-driven generator. In small 
permanently installed transmitters, where the cost of power is not of 
primary consideration, and where greater frequency stability 1s ex- 
pected, the oscillator should remain in operation continuously while 
the transmitter is in use. This keeps the oscillator tube at normal 
operating temperature and offers less chance for frequency variation 
each time the key is closed. If the oscillator is to operate continuously, 
and the keying is to be accomplished in the r-f amplifier, the oscillator 
circuit must be carefully shielded to prevent radiation and interference 
to the operator while he is receiving. 

f. In transmitters using a erystal-controlled oscillator, the keying 
is almost always accomplished in the power-amplifier circuits. In the 
larger transmitters (75 watts and higher), the ordinary hand key 
cannot accommodate the plate current without excessive arcing. More- 
over, because of the high plate potentials used, it 1s dangerous to operate 
a hand key in the plate circuit. A slight slip of the hand below the key 
knob might result in a bad shock; or, in case of defective r-f plate 
chokes, a severe r-f burn might be incurred. In these larger trans- 
mitters, some local low-voltage supply, such as a battery, or the filament 
supply to the transmitter, is used with the hand key, to open and close 
a circuit through the coils of a relay. The relay contacts, in turn, open 
and close the keying circuits of the amplifier tubes. The schematic 
diagram of a typical relay-operated keying system is shown in figure 
177. The hand key closes the circuit from the low-voltage supply 











Figure 177. Circuit for relay-operated keying system. 


through coil L of the keying relay. The electromagnetism of this coil 
draws the metal arm A toward it against the tension of the spring S. 
This arm, when drawn toward the coil core, closes the contact points C, 
which are in the keying circuit of the power amplifier. When the hand 
key is opened, the coil deenergizes and allows the contact points to be 
drawn apart by the tension of the spring. 

g. Theoretically, keying a transmitter should instantaneously start 
and stop radiation of the carrier completely. However, the sudden 
application and removal of power creates large surges of current which 
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will cause interference in nearby receivers. Even though such receivers 
are tuned to frequencies far removed from that of the transmitter, 
interference will be present in the form of clicks or thumps. To pre- 
vent such interference, key-click filters are used in the keying systems 
of radio transmitters. Two types of key-click filters are shown in figure 
178. The capacitors and r-f chokes in both circuits of figure 178 prevent 
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Figure 178. Two types of key-click filters. 


surges of current. The inductor, or choke coil, Z causes a slight lag in 
the current when the key is closed, and thus the current builds up 
eradually instead of instantly. Capacitor C releases the energy slowly 
when the key is opened. Resistor & controls the rate of charge and 
discharge of capacitor C, and also prevents sparking at the key contacts 
by the sudden discharge of C when the key is closed. 

h. Another difficulty which may be encountered in keying a trans- 
mitter is the presence of a back-wave. This is the result of some energy 
leaking through to the antenna, even though the key is open. The 
effect is as though the dots and dashes were simply louder portions of 
a continuous carrier. It may become difficult to distinguish the dots and 
dashes under such conditions. Back-wave radiation is usually the 
result of incomplete neutralization. 


110. Circuit of a c-w Transmitter 


a. The cireuit of a complete master-oscillator power-amplifier (m-o- 
p-a) transmitter is shown in figure 179. This circuit consists of only 
two tubes, one tube functioning in a Hartley-oscillator circuit and 
the other operating as a class C amplifier. 

b. The oscillator is a conventional shunt-fed Hartley circuit using a 
VT-62 (commercial type 801) tube with 350 volts on the plate. This 
voltage provides about 7.5 watts output. Because of this power reserve, 
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Figure 179. Complete master-osctllator power-amplifier circutt. 
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a portion of the oscillator output can be fed directly into the grid of the 
class C amplifier with fairly good results. 

c. R-f choke L, allows the passage of the direct current to the plate 
of the oscillator tube, but prevents the r-f currents from flowing into 
the power supply. The r-f currents flow through capacitor C; to the 
oscillatory circuit L2C2. Resistor Ri is the grid-bias resistor, and 1s 
shunted by filter capacitor C3. Grid excitation for the amplifier is taken 
from a tap on the plate side of the oscillatory circuit, and the voltage 
impressed on the grid of the amplifier is that voltage existing between 
the tap and ground connection. If more drive is required on the grid, 
the position of the tap is moved toward the plate. Capacitor C4 blocks 
the d-c voltage but allows the r-f voltage to appear on the grid of the 
amplifier. R-f choke coil Ls prevents the flow of r-f currents but per- 
mits the flow of the rectified grid current. A battery is provided for 
protective bias. The total erid bias when the stage 1s operating (this 


is a class C amplifier) will be the battery voltage plus that voltage . 


developed by the grid-bias resistor. Inductor L, and capacitor C; form 
the plate tank circuit for the amplifier. 

d. The inductor is center-tapped to provide neutralizing voltage 
which is fed to the grid through neutralizing capacitor Cy. A split- 
stator capacitor is used for tuning, its rotor being grounded. This has 
the advantage of providing the same ratio of neutralization voltage for 
any frequency. Thus, once the stage 1s neutralized, Cy will not normally 
have to be adjusted again unless it is thrown out of adjustment by 
vibration or by a sudden jar. Choke coil Ls serves to prevent r-f 
currents from flowing into the power supply. 

e. The cathodes of the tubes in this circuit are directly heated fila- 
ments. To remove the possibility of hum, the filament transformer 1s 
center-tapped. The grid is then always at zero potential as far as a-c 
voltage on the filament is concerned. Capacitors C4, C7, and Cg provide 
the ground return path for r-f currents, thus keeping them out of the 
filament transformer windings. These capacitors also prevent the 
possibility of damage to the transformer insulation by r-f currents. 

f. The key is placed in the filament-return lead, and opens and closes 
the d-c ground-return path to the tubes. Both the oscillator and 
amplifier are keyed at the same time to prevent the transmitter from 
oscillating when the key is open. The advantage of this type of keying 
is that it provides a method of break-in operation. For example, an 
operator at station A 1s transmitting a message to a distant station B. 
Assume that during the course of the transmission the operator at B 
misses part of the message. It will be possible for him to break-in 
with a rapid succession of dots, to indicate that this is the case. Since 
the transmitter at A is silent between the dots and dashes of his trans- 
mission, he can hear station B’s break-in signals and repeat all or part 
of the message. | 
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g. Link coupling is used to transfer power from the transmitter to 
the antenna. Link coupling consists of a pair of wires with a loop of 
two or three turns at either end. Each loop must be placed at a point 
of low r-f voltage (the point where B+ enters the tank cireuit) to 
prevent capacitive coupling between the link coil and the plate tank 
circuit. It is a very efficient form of coupling and is used in many sets. 
It can be used between stages, or from a final stage to the antenna. Its 
chief advantage is that it can be of almost any reasonable length 
necessary to couple widely separated stages where another type of 
coupling would be impractical or inconvenient. 


}11. Tuning of Transmitter 


a. It is important that all radio transmitters be properly tuned to 
insure efficient operation on the assigned frequency. Plate-current meters 
are generally used to indicate proper adjustment of the r-f stages. All 
stages, with the exception of the oscillator, are always adjusted or tuned 
for minimum plate current. If a stage is not tuned to resonance, the 
plate current will be high, and high plate dissipation, power loss, and 
low output will result. When a stage is loaded by another stage or an 
antenna, the plate current of the stage in question must be rechecked 
for circuit resonance (minimum plate current) after loading. 

b. If grid-current meters are available in the transmitter, the grid- 
input stage must be tuned so that maximum erid current is drawn. 
If no grid-current meter is available, erid-cireuit resonance can be 
shown by a sharp increase in plate current of the previous stage. 

c. If a gassy tube is present in the set, plate current to that stage 
cannot be brought to the proper minimum, and grid current will remain 
too low. The tube will act as though there were a short circuit between 
the grid and cathode, and a great deal of the energy furnished to the 
stage will be grounded and lost. This condition can be recognized by 
any of the indications just mentioned, and by a violet-colored glow 
between tube elements. The only remedy for this condition is a new tube. 


112. Capabilities of c-w Transmitter 


In view of the comparative slowness and inconvenience of keying the 
dots and dashes of Morse code, it might seem that radiotelegraphy 
would be superseded by radiotelephony, which uses modulated waves. 
C-w transmission, however has four distinct advantages over radlo- 
telephony. ; 

a. Radiotelegraph transmitters have a greater transmission range 
than radiotelephone transmitters of the same output power because 
speech from a distant point may be audible but not intelligible. 

b. C-w signals may be picked up by code receivers which are eapable 
of rejecting most of the interference characteristic of all r-f waves. 
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c. The radiotelegraph transmitter (of the same power as the radio- 
telephone transmitter) is smaller, and much simpler to operate. 

qd. Within a given frequency band, many more radiotelegraph trans- 
mitters than radiotelephone transmitters may be operated without 
interference. 
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MODULATED TRANSMITTERS 
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113. Radiotelephone Transmission 


a. It was shown in the previous section that the continuous wave of 
radio frequency can be interrupted by means of a key, so that short and 
long bursts of r-f oscillations (dots and dashes) will convey intelligence 
in the form of code. There are two other methods of conveying intel- 
ligence by means of the continuous wave, due to two inherent eharac- 
teristics of this r-f carrier: the amplitude and the frequency of the 
wave. Varying either the amplitude or the frequency of a continuous 
wave will permit the transmission of voice and music, as well as code. 
This process is know as modulation. Amplitude modulation 1s widely 
used in almost all radiotelephone transmitters. Frequency modulation 
is a comparative newcomer to the radio field, and will be discussed 
further in section XIII. 

b. Amplitude modulation may be defined as the variation of the 
strength of the r-f output of a transmitter at an audio rate. In other 
words, the r-f energy has to increase and decrease in power according 
to the audio (sound) frequencies. If the audio frequency is high, the 
radio frequency must vary in amplitude more rapidly than if the audio 
frequency were low. If the audio note is loud in volume, the radio- 
frequency energy must increase and decrease by a larger percentage 
than if the audio note were soft. Thus, the r-f variations must corre- 
spond in every respect with the a-f variations. 

c. The block diagram of a typical radiotelephone transmitter is 
shown in figure 180. It will be noted that the final stage of the trans- 
mitter is an r-f power amplifier, which in some ways is similar to the 
final stage of the c-w transmitter. The c-w transmitter 1s keyed by 
controlling the voltage on the plate or the grid of the final amplifier 
with a key. If it is desired to vary the output of a transmitter instead 
of merely turning it off and on, it can be done by varying the voltage 
on one of the electrodes of the final r-f power amplifier tube. For 
instance, if the plate voltage on the final amplifier were to be varied at 
an audio frequency, the output of the amplifier and hence, the trans- 
mitter, would be varied at the same rate. This is the method used in 
the most popular type of amplitude modulation. | 
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d. In order to vary the plate voltage of the final r-f amplifier at an 
audio frequency, it is necessary, first of all, to produce an audio voltage. 
This is done with a microphone. The output of a microphone is, how- 
ever, very small (usually less than 1 volt), while the plate voltage of 


114. Audio Components 


a. The parts of a radiotelephone transmitter concerned only with the 
audio frequencies are the microphone, or generator, of the audio signal, 
the speech amplifier, which is a normal a-f amplifier ; and the modulator, 
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Figure 180. Block diagram of amplitude-modulated transmitter showing 
formation of modulated wave. 


the r-f amplifier is quite high. The addition of a small audio voltage 
to a high plate voltage would result in only a very small variation of 
the plate voltage. It is necessary, therefore, to amplify the output of 
the microphone before it is applied to the plate of the power amplifier. 
This amplification is usually accomplished in at least two stages. The 
output of the microphone is fed into the grid of a class A voltage 
amplifier, merely to step up the voltage. This first voltage amplifier is 
called the speech amplifier. The voltage output of the speech amplifier 
is used to drive the grid of an audio power amplifier. This second 
amplifier is called the modulator. The modulator can be any type of 
audio power amplifier capable of providing sufficient undistorted power. 
Thus, it may be a class A, a class AB, or a class B amplifier. If it is a 
class AB or a class B amplifier, it must be a push-pull stage, and the 
power output of the modulator is then applied to the plate of the r-f 
power amplifier. : 

e. The manner in which the a-f signal is amplified and then apphed 
to the r-f carrier is shown graphically by the waveforms in figure 180. 
The r-f oscillations without modulation are known as the r-f carrier. 
Applying the audio output of the modulator to the plate of the r-f 
power amplifier causes the plate voltage to rise and fall at the audio 
rate, thereby increasing and decreasing the r-f output of the amplifier 
in step with the sound applied to the microphone. Thus the carrier is 
modulated, and since modulating the carrier in this manner varies the 
strength, or amplitude, of the signal, this method is called amplitude 
modulation. 
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which furnishes the power to vary the amplitude of the r-f wave in 


accordance with the a-f signal. 
b. The carbon microphone is the most widely used microphone in the 
Army. The diagram of a typical carbon microphone is shown in figure 
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Figure 181. Carbon microphone. 
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181. It is, in effect, a variable resistance. Connections are made to a 
small container filled with carbon granules, and attached to this con- 
tainer is a flexible diaphragm. Sound waves produced by the voice 
strike the diaphragm, causing it to vibrate. The vibration of the 
diaphragm compresses and releases the carbon granules, thus changing 
the resistance of the microphone. Since J—EH/R, as the resistance 
changes, the current in the microphone circuit changes. Thus, the 
voice creates a fluctuating direct current in the microphone circuit. 
The microphone of figure 181 is known as a single-button carbon micro- 
phone. The word button refers to the small container which holds the 
carbon granules. Double-button carbon microphones, which use a 
second button the other side of the diaphragm, are seldom used in 
Army equipment. 

c. The dynamic microphone (fig. 182) is a more modern type of micro- 
phone. The moving coil which is fastened to the diaphragm moves in 
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Figure 182. Dynamic microphone. 
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and out in accordance with the voice impulses, and the wires in the 
coil cut the magnetic lines of force set up by the permanent magnet. 
The voltage induced in the moving coil varies exactly as does the speech 
or sound impressed upon the diaphragm. The dynamic microphone is 
perhaps the most rugged type used in the field, but it has the dis- 
advantage of low output. This is offset by the advantage that, unlike 
the carbon microphone, the dynamic microphone requires no battery 
circuit. 

d. The speech amplifier is used to raise the audio output of the micro- 
phone to a suitable level for use in the modulator stage. The microphone- 
output currents are very weak, and to be of any use in modulation thess 
currents must be amplified. Referring to figures 181 and 182, it can 
be seen that the output of either microphone can be transformer-coupled 
to the grid of an audio amplifier. The amplifier employed is a sensitive 
class A amplifier. The transformers shown in figures 181 and 182 usually 
have a very high turns ratio in order to step up the voltage. Thus, any 
small variations of microphone current in the primary of such a trans- 
former will develop a voltage across the secondary, which is applied 
to the grid of the speech amplifier. The transformer also serves to match 
the low-impedance microphone to the high impedance of the grid circuit 
of the amplifier. When a dynamic microphone is used, two and some- 
times three speech amplifier stages are required to raise the weak audio 
voltage to a level suitable for the modulator stage. 

e. The modulator furnishes the power necessary to vary the ampli- 
tude of the r-f wave in accordance with the sound impulses. The 
modulator is always an a-f power amplifier, and either single-tube or 
push-pull amplifiers may be used. The push-pull power-amplifier stage 
is capable of furnishing much more power with greater efficiency than 
a single-tube amplifier. 


115. Percentage of Modulation 


a. The degree of modulation is expressed by the percentage of 
maximum amplitude deviation from the normal value of the r-f carrier. 
The effect of a modulated wave, as measured by receiver response, is 
proportional to the degree or percentage of modulation. 

b. The percentage of variation of the total voltage of the final r-f 
amplifier stage will depend upon the ratio of a-f to d-e voltage. For 
example, if the d-c plate voltage to the r-f amplifier is 100 volts, and 
the a-f voltage is 50 volts, the two voltages will add (when they are 
acting in the same direction) to give 150 volts. They will subtract 
(when they are acting in opposite directions) to give 50 volts. The 
plate voltage on the r-f amplifier will vary between 950 and 150 volts 
(fig. 1883@)). Since the variation (50 volts on either side of the d-e 
voltage) is one-half of the d-c voltage of 100 volts, the transmitter 1s 
said to be modulated 50 percent. This same result may be shown in 
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terms of the r-f output of the transmitter (fig. 183@)). The amplitude 
of the carrier (the r-f wave produced with only the d-c voltage on the 
plate of the r-f amplifier) is shown in A of figure 183@). Notice that 
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@) Values of instantaneous plate voltage. 
2) Modulated r-f wave. 
Figure 183, Illustrating 50-percent modulation. 


this carrier is of constant amplitude. As soon as an a-¢ voltage is 
applied in series with a d-c voltage (when the modulator is in 
operation), the plate voltage, and hence the r-f output, begins to vary. 
At B (fig. 188@)) the r-f wave has reached an amplitude 50 percent 
ereater than during period A. When the plate voltage decreases, 
the r-f output decreases. At C the r-f wave has reached an amplitude 
5.0 percent less than the unmodulated wave at A. Thus, percentage or 
degree of modulation may be defined as the percentage of variation of 
the modulated wave compared with the unmodulated wave. 
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@) Values of sian an cous plate voltage. 
@) The modulated r-f wave. 
Figure 184. Illustrating 100-percent modulation. 
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c. If the d-c voltage were 100 volts and the audio voltage also were 
100 volts, the instantaneous plate voltage would vary between zero and 
200 volts (fig. 184@). Whenever the instantaneous plate voltage varies 
between zero and twice its unmodulated value, there is 100-percent 
modulation. The resulting r-f waveform is shown in figure 184(@). 

d. It is important that the amplitude be varied as much as possible, 
because the output of a detector in a radio receiver varies with the 
amplitude variations of the received signal. This is why a comparatively 
low-power station, well-modulated, will often produce a stronger signal 
at a given point than a much higher powered, but poorly modulated 
transmitter located the same distance from the receiver. However, 
there is a limit to the permissible percentage of modulation, and this 
limit is 100 percent. | 

e. To understand more clearly this limitation of 100-percent modula- 
tion, assume that a given transmitter is actually modulated 150 percent. 
With a d-c voltage of 100 volts, this would require an audio voltage of 
150 volts. The two would add together to give 250 volts, and the plate 
voltage then would swing back through zero, down to minus 50 volts, 
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@ Values of instantaneous plate voltage. 
@ Modulated r-f wave. 
Figure 185. Over-modulation. 


and then back to zero (fig. 185@). During the swing from zero to 250 
volts and back to zero, plate current would flow. But during the swing 
from zero to —50 volts and back again to zero, little or no plate current 
would flow. During this period the transmitter would effectively be 
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shut off. This condition produces an over-modulated r-f wave (fig. 
185@)). The unmodulated carrier wave is shown at A in figure 
185@). With the modulator in operation, the r-f wave would increase 
to the value shown at B; it would then decrease to zero. But over the 
region C,, the plate voltage would be negative and there would be no 
output from the tube. This over-modulation thus causes distortion in 
the received signal. It results whenever the audio voltage exceeds the 
d-e voltage applied to the plate of the r-f amplifier. 


116. Side Bands 


a. Figures 183 and 184 are graphic pictures of an r-f wave modulated 
at different percentages. Such a wave is actually a combination of 
several frequencies. It is not possible to tell, merely by looking at a 
wave, what frequencies are combined to give it the shape it has. How- 
ever, by involved mathematical analysis these frequencies can be 
determined. As a practical example, if the r-f carrier is 100 kilocycles 
and the audio frequency is 1,000 cycles, or 1 kilocycle, the wave will 
contain the following frequencies: 


Fundamental Second Sum Difference 
frequencies harmonic frequency frequency 
100 ke 200 ke 101 ke 99 ke 

1 ke 2 ke 


Harmonies other than the second are produced, but they are very 
weak and easily dispensed with as described below. All of these fre- 
quencies are present in the plate circuit of the final r-f amplifier. 
But the plate circuit is broadly tuned to 100 kilocycles, so that only 
frequencies of 100 kilocycles, 101 kilocycles, and 99 kilocycles will 
get into the antenna through the antenna coupling circuit. The rest 
of the frequencies developed will be bypassed. Thus, instead of trans- 
mitting only one frequency, the antenna is transmitting three fre- 
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Figure 186. Carrier wave and its side-band frequencies. 
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quencies very close together. This condition may be thought of as 
resembling the frequency waveforms shown in figure 186. 

b. These extra frequencies are known as side-band frequencies, or 
merely side bands. As shown in figure 186, these side bands are 
separated from the carrier (100 kilocycles) by the amount of the 
audio frequency (1 kilocycle). Thus, if the audio frequency had been 
2 kilocycles, the side-band frequencies would be 98 kilocycles and 
102 kilocycles. The higher the audio-modulation frequency, the farther 
both side bands will be from the main carrier wave. 

c. In actual speech, many audio frequencies are used to modulate 
the carrier wave. There will be a pair of frequencies (one upper and 
one lower) for each audio frequency, and there will be an entire band, 
or group, of frequencies resulting from speech modulation. The graph 
of such a carrier is shown in figure 187, and the complex nature of 
speech impulses can be seen from this wave. The graph of figure 187 
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Figure 187. Radio wave modulated with voice. 


is the waveform resulting from the addition of the side bands to the 
carrier wave. 

d. If the modulator of a radiotelephone transmitter were turned off, 
the carrier would continue to be transmitted by the r-f power amplifier. 
However, as soon as the modulator is turned on and the r-f carrier 1s 
varied by modulation, the side-band frequencies come into existence. 
From this it can be seen that the modulated wave contained more 
power than the carrier wave alone. The additional power is supplied 
by the modulator stage, and appears in the form of the side bands. 


117. Power Relations in the Modulated Transmitter 


a. The amount of power required to modulate a transmitter depends 
on the percent and type of modulation. To modulate a carrier 100 
percent with a single sine wave of audio frequency requires an audio 
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power equal to one-half of the r-f carrier power. This is because with 
100-percent modulation the amplitude of each side band is one-half 
the amplitude of the carrier. Power is proportional to current squared ; 
thus, each side band carrying one-half the current of the carrier 
requires one-fourth the power. However, the power required with 
modulation is one and one-half times the normal unmodulated power. 
Using voice modulation the greater portion of the a-f components will 
not modulate the carrier 100 percent, so that the power increase for 
voice modulation is considerably less than for single tone modulation. 
Since the power is increased during modulation, the reading of an 
antenna ammeter rises when the transmitter is modulated. 

b. A modulated r-f amplifier must handle peak currents which are 
twice the normal (unmodulated) magnitude. This means that during 
modulation an amplifier must be capable of handling up to four times 
the power it dissipates during steady intervals of unmodulated carrier 
output. For this reason,. in a transmitter which is designed for both 
c-w and radiotelephone service, the modulated amplifier stages are 
always reduced in carrier power output for phone operation. 


118. Methods of Modulation 


a. There are various methods of modulation. The most common type 
is the method whereby the a-f modulating voltage can be applied to 
the plate of one of the transmitter r-f amplifiers to cause the carrier 
output to vary in accordance with the audio frequency. This popular 
method is known as plate modulation. Application of the a-f voltage 
to the control grid of the r-f amplifier is referred to as grid modulation, 
or grid-bias modulation. A pentode power amplifier can be modulated 
by applying the audio frequency to the suppressor grid; this is known 
as suppressor modulation. Screen-grid modulation can be accomplished 
by use of the tetrode. Cathode modulation, in which the audio voltage 
is applied in the cathode circuit, is a combination of plate and 
erid modulation. 

b. Modulating the final r-f stage of a radiotelephone transmitter is 
known as high-level modulation, since the modulation takes place at 
the highest power level of the system. If the modulation process takes 
place in an intermediate stage with one or several higher power 
amplifiers following, it is known as low-level modulation. In low-level 
modulation, r-f amplifiers which follow the modulated stage are 
operated as linear amplifiers, that is, in such a manner that their 
a-c output potentials faithfully reproduce the applied grid potentials 
without distortion. In high-level modulation, the final r-f power 
amplifier is always operated as a class C’ amplifier. 

c. The method of modulation refers to the electrode of the r-f power- 
amplifier tube to which the a-f modulating voltage is applied. 
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- 119. Plate Modulation | 


a. The application of a-f power to the plate circuit of an r-£ power 
amplifier is known as plate modulation. An amplifier using plate 
modulation is much more efficient than one using grid or some other 
form of modulation. Another advantage of plate modulation is the 
ease with which proper adjustments can be made in the transmitter. 
There is less plate loss in the r-f power amplifier for a given value of 
carrier power than in other forms of modulation, since the plate 
efficiency is higher. Additional power radiated in the form of side 
bands is supplied by the modulator. This type of modulation is used 
to a greater extent than any other. 

b. The simplest method of modulating the plate of the r-f amplifier 
is by means of transformer coupling. In the circuit diagram of figure 
188, the a-f output of the modulator stage is coupled through trans- 
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Figure 188. Transformer-coupled modulator circuit. 


former 7 to the plate circuit of the power amplifier. The voltage 
appearing across the secondary (S) of the transformer 1s an audio 
voltage; as such it is an alternating voltage driving first in one direc- 
tion, then in the other. This voltage is in series with the d-c supply 
voltage, which drives in only one direction. Thus, at one instant, 
the a-c voltage and the d-c voltage will be acting in the same direction 
and the total voltage will increase. But, at the next instant, the a-e 
voltage will have reversed, and the two voltages will then oppose each 
other. Thus, the total voltage will decrease. There will be an alternate 
inerease and decrease of the total voltage at an audio frequency. 
Since this total voltage is the plate voltage, and is placed between the 
plate and the cathode of the r-f power amplifier, the amount of varla- 
tion in amplitude of the r-f wave depends upon the relative amounts 
of the audio and d-c voltages. ? 

c. The plate of the r-f amplifier tube can be modulated by another 
method using a reactor, or choke coil. (See fig. 189.) Both the plate 
of the modulator tube and the r-f power amplifier obtain their d-c 
plate voltage through the iron-core choke L, called a modulation 
reactor, As the plate current of the modulator increases and decreases 
(at audio frequencies), a voltage will be developed across L propor- 
tional to the current flowing through it. This voltage is developed 
across the choke in the following manner. When the plate current 
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Figure 189. Choke-coupled (constant-current) modulation circuit. 


from the modulator increases, the expanding magnetic field of the 
choke induces a voltage which will tend to oppose the change of 
current. This voltage will buck the voltage applied to the plate of the 
r-f amplifier, thereby reducing its plate current. When the modulator 
plate current decreases, this same magnetic field will collapse and 
again induce a voltage. This induced voltage will aid the voltage on 
the plate of the modulated stage and increase its plate current. Thus, 
there will be an alternating voltage and current in the plate circuit of 
the modulated stage, varying its output in accordance with the audio 
signal. It should be noted that as the current to the modulator is 
increasing, the current to the modulated stage is decreasing, and 
vice versa. Because of this action, the current indicated on the meter 
M, will remain practically constant. This system is called the constant- 
current system. 

d. Because the choke-coupled circuit of figure 189 requires that the 
modulator tube operate as a class A amplifier, it is impossible to 
develop enough voltage across the modulation reactor to vary the 
voltage on the plate of the modulated r-f amplifier between double its 
normal d-c value and zero. It is impossible, therefore, to attain 100 
percent modulation with the circuit shown in figure 189. However, 
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Figure 190. Choke-coupled circuit modified for 100 percent modulation. 


with a resistor connected in the circuit as shown in figure 190, 100 
percent modulation can be obtained. The purpose of the resistor R, 
is to drop the plate voltage to the r-f amplifier. The modulator then 
operates at a higher voltage than the stage being modulated. With 
this lower voltage on the plate of the r-f amplifier, it is not necessary to 
develop as much voltage across the choke to get 100 percent modulation. 
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The capacitor is connected across the resistor to bypass the a-f voltage 
around the resistor, so that the a-f signal will not be lowered by the 
resistor. The purpose of the r-f choke, RFC, is to keep the r-f voltage 
present at the plate of the r-f amplifier stage out of the modulator. 

e. Another method of obtaining 100 percent modulation with the 
constant-current system is to use an autotransformer, as shown in 
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Figure 191. Plate modulator circuit with autotransformer. 


figure 191. In this circuit, a small voltage developed in the modulator 
section of the autotransformer coil will result in a larger voltage change 
applied to the plate of the modulated stage. This modulation system 
also has the advantage of utilizing the full supply voltage on the 
plate of the modulated stage. 

f. A comparison of the circuits in figures 188 and 191 shows that 
the only difference between the two is that in figure 188 two windings 
are used instead of one. The employment of a two-winding a-f trans- 
former makes possible the use of a class B push-pull amplifier, which 
vives much greater power output with less distortion than does a 
class A amplifier, The use of such a circuit will result in the saving of 
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Figure 192. Class B push-pull modulator circuit. 


power, since no plate current flows until the voice impulses reach the 
erids of the tubes. A typical class B push-pull modulator circuit 1s 
shown in figure 192. 

g. The theory of plate modulation is important for a full understand- 
ing of the action of the modulating voltage in the r-f power amplifier 
stage. An audio voltage is produced which corresponds in every respect, 
except in strength, with the variations of the sound input to the 
microphone, and this voltage is placed on the plate of the r-f power 
amplifier. But the reason for varying the plate voltage of the r-f 
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ampuioer is to vary the power output of the transmitter. An undis- 
torted audio voltage is useful only if the r-f power output can be made 
to vary in step with the plate voltage. The only way to achieve this 
is to operate the stage as a class C amplifier and to place a heavy 
sional on the grid of the tube. The reason for this is apparent. The 
output of the transmitter is fed from the tuned plate circuit of the 
r-f£ power amplifier to the antenna. The output of the tuned circuit 
depends upon the amount of oscillating current (radio frequency) 
flowing in it. Since the tuned circuit is excited by pulses of plate 


current the oscillating current, and hence the output at each moment, 


will depend on the size of each plate-current pulse. In order for the 
output to vary at an audio rate, the plate-current pulses must vary in 
size at an audio rate. Since the plate voltage of the r-f power amplifier 
is varying at an audio frequency, it must be insured that as the plate 
voltage changes the plate current will change proportionately. In a 
vacuum tube, plate current is controlled by grid voltage as well as 
plate voltage. If the grid is excited or driven very hard, so that every 
time it goes positive it will allow maximum plate current to flow, the 
plate current will be limited only by the plate voltage. If the plate 
voltage is high, a great deal of current will flow. The grid is sufficiently 
positive not to interfere with this action. If the plate voltage is low, 
the plate current will also be low. Thus, the grid voltage will control 
the frequency of the plate-current pulses, because plate current will 
flow only on the positive peak of each grid cycle. The size of each 
pulse, or the amount of current that will flow each time the grid 
passes cut-off, will depend on the plate voltage at that moment. While 
plate voltage is increasing, each pulse will be larger than the one before 
it. When plate voltage is decreasing, each pulse will be smaller than 
the one before it. These plate-current pulses are applied to the tuned 
circuit, and cause an oscillating current to flow in it. If the pulses of 
plate current are large, the current in the tank circuit will be large. 
If the plate current pulses are small, they will cause only a small tank 
current to flow. Thus, the r-f output will vary with the plate-current 
pulses, and hence with the audio variation of plate voltage. 


120. Grid Modulation 


a. In transmitters using grid modulation, the a-f voltages vary the 
erid-bias supply to the r-f power amplifier. This variation in grid 
bias in turn varies the power output of the r-f amplifier, causing a 
modulated wave to be radiated. This method is also known as grid-— 
bias modulation. ; 

b. A circuit using grid modulation is shown in figure 193. A modu- 
lation transformer is placed in series with the grid-return lead of 
the r-f power amplifier. The a-f voltage (from a modulating amplifier) 
adds to or subtracts from the fixed grid-bias voltage, and so controls 
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Figure 193, Circuit for grid modulation. 
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the output power from the r-f amplifier. The grid bias is usually a 
fixed value, obtained from a battery source or separate power supply. 
Capacitor Cis intended to bypass the r-f currents around the modulation 
transformer secondary. (See fig. 193.) 

c. The modulator tube must be operated as a class A a-f amplifier. 
Since varying the grid bias of the r-f stage does not require a great 
amount of power, the comparatively low output of a class A amplifier 
is sufficient for the purpose of grid modulating. However, the r-f 
carrier output power of the transmitter that is grid modulated is 
about one-quarter that of the plate-modulated transmitter. Because 
of this low efficiency, and the difficulty of achieving any large degree 
of modulation with it, grid modulation is seldom used in Army 
transmitting sets. 


I21. Screen-grid Modulation 


In the study of the tetrode (par. 48), it was seen that a small voltage 
variation on the screen results in a large increase in plate current. 
It is evident, therefore, that modulation can be effected by placing 
the modulation transformer in series with the screen-grid lead. How- 
ever, this method limits the percentage of modulation to a low value, 
because the relation of screen-voltage variation to plate-current variation 





Figure 194. Circuit for screen-grid modulation. 
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ate 


is linear over only a small range. If both the plate and screen voltages 
are modulated at the same time, it is possible to approach 90 percent 
modulation without undue distortion. A circuit of this nature 1s shown 
in figure 194. Note that the screen-dropping resistor is connected to 


the plate side of the secondary winding of the modulation transformer, 


so that both screen and plate keep the same ratio of voltages to each 
other under all variations of plate voltage. Capacitor C; bypasses the 
audio voltage around the screen-dropping resistor while C2 is the 
usual screen-bypass capacitor. 


122. Suppressor-grid Modulation 


Modulation can be obtained by applying a-f voltage to the suppressor 
erid of a pentode tube which is operated class C. A change in bias 
voltage on the suppressor grid will change the r-f output of a pentode 
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Figure 1968. Circuit for suppressor grid modulation. 


tube, and thus, the application of a-f voltage provides a simple method 
of obtaining modulation. It is difficult to obtain 100 percent modulation, 
although about 90 percent can be obtained with good linearity. A typieal 
circuit for suppressor-grid modulation is shown in figure 195. © 


123. Tone Modulation 


a. When e-w radiotelegraph signals are being received, the pitch 
of the sound in the headset depends upon the difference between the 
incoming-signal frequency and the frequency of the heterodyne oscil- 
lator, in other words, the beat frequency. If the frequency of the c-w 
transmitter varies, the pitch of the received note will vary. If the drift 
in transmitter frequency is very great, the received signal may become 
inaudible. Under these conditions, the reception of c-w signals becomes 
very difficult. An obvious remedy is to stabilize the c-w transmitter fre- 
quency, but this is not always practicable or possible. In such an event, 
telegraph communication may be maintained by using a tone-modulated 
wave. This is known as tone transmission and is widely used in the 
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Army. In tone transmission the r-f carrier is modulated at a fixed 
audio frequency of about 1,000 cycles per second. The output of the 
transmitter is keyed in the same manner as for c-w transmission. Since 
a buzzer or an audio oscillator is generally used as the tone source, 
the amplitude of the r-f output wave is practically constant and the 
modulation can be 100 percent. Tone modulation has a slightly greater 
distance range than voice modulation for the same transmitter. How- 
ever, the range of tone modulation is always less than that of c-w, 
on the same transmitter. 

b. When receiving tone transmission, the recelver tuning is broader 
than in e-w reception. The detector should be in a nonoscillating state. 


124. High Frequency Transmitters 


a. The very-high radio frequencies are considered to be those fre- 
quencies above 30 megacyeles. All of the principles of modulation and 
transmission already discussed apply to transmitters designed to operate 
on these high frequencies. However, there is certain additional infor- 
mation that must be kept in mind when working in this high-frequency 
range. A straight length of ordinary wire has the properties of both 
inductance and capacitance. These two properties are not particularly 
troublesome at the lower radio frequencies, since the lumped inductances 
and capacitances used at these frequencies are large in comparison 
to those introduced by the cireuit wiring. When working with high 
frequencies, however, the inductance and capacitance of even short 
lengths of wiring may represent a large part of the total mductance 
and eapacitanee of the individual circuits. The wirimg must, there- 
fore, be made as short as possible. This important fact should be kept 
in mind when replacing parts. Special care must also be taken to 
make good connections. A badly soldered connection has the effect 
of introducing a high resistance which may cause the cireuit to 
stop operating. Very high-frequency communication is discussed in 
section XV. 

b. Another important consideration is skin effect, which is the ten- 
dency of electrons to travel along the surface of a conductor. This 
also has the effect of introducing resistance into a circuit. To mini- 
mize this effect, which increases as the frequency increases, large size 
wire and hollow copper tubing’ are used as conductors. 

c. The operation of transmitter circuits at ultra-high frequencies 
(above 300 megacycles) becomes even more erratic and much more 
critical. 


125. Adjustment of Modulated Amplifiers 


a. The proper adjustment of a modulated r-f stage determines its 
effectiveness for communication by voice transmission over a given 
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range. It is important to obtain the highest degree of modulation with- 
out over-modulating. A general rule which can be used in most cases 
is to observe plate current in the r-f stage which is being modulated. 
The audio power to the modulated stage can be increased to the 
point where the plate current begins to flicker, or wobble. When the 
modulated r-f stage is properly adjusted, there will be very little 
movement of the plate-current meter. This movement should never 
be over about 5 percent. 

b. Another check on the proper operation of the modulated stage 
is a close observation of the antenna-current meter. The power which 
is added to the carrier by the modulator appears as power in the side 
bands and not in the carrier itself. For this reason, when a radio- 
telephone transmitter is first turned on and is unmodulated, the an- 
tenna current will read a certain amount, representing carrier power 
only. If the transmitter is then modulated by a pure sine wave (from 
an audio oscillator, for example), the antenna current should rise 
approximately 22 percent for 100-percent modulation. When no audio 
oscillator is available, the adjustments can be made with voice by 
humming a steady note into the microphone. 


126. Circuit of a Radiotelephone Transmitter 


a. The simplified cireuit of a typical Army transmitter 1s shown in 
figure 196. This is a medium-power transmitter designed for use in 
aircraft, motor vehicles, and ground equipment. It is capable of 
transmitting c-w, tone-modulated, or voice-modulated signals. The 
change-over from one type of modulation to another is accomplished 
by a switching arrangement with the control mounted on the front 
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Figure 196. Typical Army phone transmitter. 
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panel of the set. In the circuit diagram of figure 196, the switch is set for 
voice modulation. The r-f section of this transmitter uses two tubes 
in a master-oscillator power-amplifier circuit. A microphone feeding 
a single speech-amplifier tube, which in turn drives a pair of modu- 
lator tubes, comprises the a-f section. Most of the power wiring has 
been omitted from the diagram of figure 196 for simplicity. 

b. Tube Vy is the oscillator tube using a simple Hartley-oscillator 
circuit. Inductance LZ, and capacitor OC, form the tank circuit of the 
oscillator. The plate section A of the coil is connected across plate 
and filament through C2, ground, and the center tap of the filament- 
transformer secondary. Choke Ly is a plate-decoupling r-f choke. The 
grid section B of coil L, is connected between grid and filament through 
C3, Co, ground, and the center tap of the filament-transformer sec- 
ondary shown in the lower left-hand corner of the figure. Resistor 
Ks is the oscillator grid-biasing resistor. Choke D3 is an r-f choke 
which offers a high impedance to r-f currents in the d-c grid circuit 
of the oscillator. 

c. That part of the oscillator tank voltage developed across section D 
of the oscillator tank coil is applied between the grid and filament of 
power-amplifier tube Ve through capacitors Cy and Cs, ground, and 
the filament-transformer secondary center tap. Capacitor C4 is con- 
nected a few turns from the end of coil Z, in order to reduce the load- 
ing effect on the oscillator, thereby contributing to its stability. The 
type of coupling used between the oscillator and power amplifiers 
of this transmitter is known as impedance coupling. Normal operat- 
ing bias for the power-amplifier grid circuit is produced by the d-e 
grid-current flow through resistors R,, Re, and R3. Choke Lg is an 
r-f£ choke which offers a high impedance to r-f currents in the power- 
amplifier d-e grid circuit. Capacitor Cs is an r-f bypass capacitor. 

d. The audio impulses created by microphone M are coupled by trans- 
former 7’, to the grid-filament circuit of speech-amplifier tube V3. Bias 
for this stage 1s obtained by tapping off part of the voltage developed 
across #3. The audio signal is developed across the primary of audio 
transformer 7'3. Capacitor Cg is an audio bypass or plate-decoupling 
capacitor. Resistor Rg is a voltage-dropping and plate-decoupling re- 
sistor. The audio signal of the speech amplifier is transformer-coupled 
to the grid-filament circuit of the push-pull modulator tubes V4 and 
V;, operating class B. The grid-filament audio circuit is completed 
through Cy, ground, and the filament-transformer secondary center 
tap. Grid bias for the modulator tubes is made up of the voltage drop 
across &; and that part of Re determined by the setting of the slider 
on that resistor. The audio plate current of the modulator, in flowing 
through the primary of 74, induces an audio voltage in the secondary. 
This audio voltage is in series with the d-c plate voltage supply to 
the r-f power amplifier V2. The audio voltage across the secondary 
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of 7,4 will alternately aid and oppose the d-e plate voltage to the power 
amplifier V2, causing this voltage to vary according to the modulating 
signal. With an r-f voltage applied between grid and filament of Vo, 
the voltage developed across transformer 7’; will be an r-f voltage 
varying in amplitude according to the modulating signal. Capacitor 
C, is an r-£ bypass capacitor used to provide a low-impedance path 
back to filament for the r-f current. Coil Zs; is an r-f choke used to 
prevent r-f current from flowing through the modulator circuits. The 
coupling between the primary and secondary of Tj; is variable, thus 
permitting correct matching of impedance between the power-amplifier 
plate circuit and the antenna. The modulated r-f signal of the sec- 
ondary is then fed to the antenna. 

e. Capacitor C¢ is a neutralizing capacitor for the power amplifier. 
Since Vs is a triode, it would oscillate of its own accord because of 
the feedback through the interelectrode capacitance of the tube. In 
order to prevent oscillation of the power amplifier, some of the r-f 
plate current of V2 is fed through C, to the A section of Ly, thereby 
inducing a voltage in the D section of the coil, which is opposite in 
phase to the voltage applied to the grid circuit through the inter- 
electrode capacitance of the tube. With the proper adjustment of C5 
these voltages will be equal in strength, though opposite in phase, and 
will therefore cancel or neutralize each other, preventing the circuit 
from oscillating. 

f. Switch § represents a relay which is operated by a press-to-talk 
switch mounted on the handle of the microphone. When the operator 
of the transmitter has completed transmission of a message, he re- 
leases the button on the microphone and the switch S is held open by 
a spring. Resistor Ry then becomes part of a voltage divider across 
the B voltage supply, and a high voltage is present across it. Since_ 
this resistor is in the grid circuits of all the stages, the voltage drop 
across it is added to the grid bias of each stage. This voltage is great 
enough to block all the stages. In this way the transmitter 1s made 
inoperative. When a message is to be transmitted, the operator presses 
the button on the microphone handle, thereby closing switch S and 
shorting out resistor Ry. This removes the blocking voltage from the 
grid circuits of all stages and allows the transmitter to go into normal 


operation. 
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SECTION XiIll 


FREQUENCY MODULATION 
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127. General 


a. Noise in the output of a radio receiving set may be defined as any 
sound or disturbance which was not originally present at the microphone 
of the radio transmitter, and which interferes with understanding 
the message coming over the air. Noise may come from many sources, 
such as automobile ignition systems, lightning and magnetic storms, 
diathermy machines, atmospherics, or interfering radio stations. These 
disturbances are like radio signals in character, appear at all radio 
frequencies, and affect the amplitude of the r-f signal by distorting the 
wave. This is one of the great disadvantages of amplitude-modulated 
(a-m) waves, since both natural and man-made noise disturbances 
(static) combine with the incoming r-f wave at the receiving antenna. 
This combination is an r-f wave which varies in amplitude according 
to the static impulses as well as to the original (audio) modulating 
signal. Both the modulating signal and the static impulses, therefore, 
will be heard in the loudspeaker of the receiver. To eliminate this fault, 
some method of modulation is required in which the character of the 
desired modulations is different from the amplitude variations caused 
by static impulses. This modulation method is known as frequency 
modulation. 

b. The frequency of a carrier wave is equal to the number of cycles 
per second. This frequency, known as the carrier frequency, can be 
varied or changed a slight amount on either side of its average, or 
assigned value by means of the a-f modulating signal. These frequency 
changes can be detected by special radio receivers designed to respond 
to the frequency-modulated (f-m) r-f waves. The changes in frequency 
of the transmitter take place within certain specified limits in accordance 
with the voice or speech to be transmitted. The amplitude of the r-f 
carrier remains constant, with or without modulation. A radio receiver 
which is sensitive only to variations in frequency of the incoming 
carrier, and which discriminates to a large extent. against variations 
in amplitude, is used to receive these f-m signals. Since static crashes, 
man-made interference, and other disturbances cause a much larger 
effective change in the amplitude of an incoming carrier than in its 
frequency, this system of communication gives very high quality 
reception with an almost total absence of noise. 
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Figure 197. Comparison of amplitude and frequency modulation. 
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Figure 198. Simple frequency modulation circutt. 
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c. The essential difference between frequency modulation and ampli- 
tude modulation is shown in figure 197. In this figure, @ represents 
an unmodulated r-f carrier ; 2) shows the result of amplitude modulating 


the carrier; and (8) shows the result of frequency modulating the 


earrier. In @), during the modulation period, the amplitude rises and 


falls in accordance with an impressed a-f signal. In ©), during the 


modulation period, the frequency increases and decreases in accordance 
with the audio signal, but the amplitude remains constant. 


128. Principles of f-m Transmission 


a. The simplest form of frequency modulator is that of a condenser 
microphone shunting a tuned oscillatory cireuit (fig. 198@)). A dis- 
cussion of the technical operation of this simple circuit will help to 
explain the fundamental principles of all f-m transmitters. 

b. The circuit shown in figure 198@) is that of a shunt-fed Hartley 
oscillator, which is modified by connecting a condenser microphone M 
across the oscillator tuning capacitor C. Electrically, this microphone 
is nothing more than two plates of a capacitor, one of which is the 
diaphragm. Sound waves striking the microphone compress and release 
the diaphragm, thus causing the capacitance to vary, since the value of 
capacitance of any capacitor depends, in part, upon the distance between 
the two plates. It will be recalled that the frequency of oscillation of 
an oscillator may be varied by a change in either the inductance or 
capacitance of its tuned circuit. In this case, a variation in the capaci- 
tance of the microphone causes the resonant point of the oscillator 
tank circuit to shift alternately to frequencies above and below the 
original frequency, or resting frequency. This shifting of frequencies 
takes place whenever the diaphragm of the microphone moves. 

c. As the positive half-cycle A of the sound wave in figure 198(2) 
strikes the diaphragm D of the microphone (shown in enlarged form 
to the left of figure 198 for closer inspection), it causes the diaphragm 
to move inward from its position of rest to position A. Since the 
distance between D and E has been decreased, the capacitance of the 
plates has been correspondingly increased, and the oscillator frequency 
has been decreased from the resting frequency, as shown at A in 
figure 198). At the end of the first half-cycle, the diaphragm returns 
to its position of rest and the frequency of the oscillator is again the 
resting frequency. During the negative half-cycle B of the audio 
wave (fig. 198@)), the diaphragm moves to position B, increasing the 
distance between the plates with a resultant decrease in capacitance 
and an increase in oscillator frequency, as shown at B in figure 198@). 
At the end of the alternation, the diaphragm D returns to its position of 
rest, and the oscillator resumes its resting frequency instantaneously 
before the action is repeated for the next audio cycle. 

d. The frequency or pitch of the audio signal applied to the micro- 
phone determines the number of times per second that the diaphragm 
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vibrates between positions A and B (fig. 198) and, consequently, the 
number of times per second that the oscillator frequency varies across 
its resting frequency between its high and low values. A note of 1,000 
eycles per second will cause the diaphragm to change from rest to 
position A, back to position B, and then back to rest 1,000 times per 
second, with a corresponding variation in oscillator frequency. A 100- 
eycle audio note of the same volume (amplitude) will cause the same 
diaphragm vibration at a rate of 100 times per second, with a correspond- 
ing rate of change in oscillator frequency. Another important detail 
to notice at this point is that if the audio signal strength (amplitude) 
is Increased, as shown by the dotted line in figure 198(), the movement 
of diaphragm D will be over a greater distance, or from A’ to B’. This 
will result in a greater change in capacitance and a greater change in fre- 
quency. Thus, the amplitude of the modulating signal determines the 
change in frequency on both sides of the resting frequency. The 
amount of change in frequency either side of the resting frequency is 
Known as deviation. 

e. In Army practice, the maximum deviation allowed for any channel 
is set at 40 kilocycles. This means that the strongest audio signal that 
can be used for modulating a transmitter is limited to that value 
which will cause a maximum deviation of 40 kilocycles either side of the 
resting frequency. This makes available a total of 80 kilocycles, known 
as the carrier swing, over which the frequency of any one station may 
vary. There is also provided a band of 20 kilocycles for separation 
purposes between channels. This 20-kilocycle band is called the 
guard band. Thus, the channel allotted to each station consists of 
two deviation ranges of 40 kilocycles each, plus half the guard band on 
either side, or a total of 100 kilocycles. However, with any of the 
systems of obtaining frequency modulation used at the present time, 
the amount of deviation obtained at the point of modulation is small 
as compared with that required for successful transmission of f-m 
signals. In order to increase the amount of initial deviation to a 
suitable value, a system of frequency multiplication is used. If two 
frequencies, such as 6.00 and 6.025 megacycles, having a frequency 
difference of 25 kilocycles, are applied to the input of a broadly tuned 
tripler, the output frequencies will be 18 and 18.075 megacycles, 
respectively. There is now a difference of 75 kilocycles between these 
two frequencies, or three times the original frequency difference. The 
varying frequencies produced at the modulating point are, therefore, 
applied to a series of multipliers, and the amount of initial frequency 
change, or deviation, obtained is multiplied to a suitable value before 
the signal is applied to the power amplifier and then to the transmitting 
antenna. The circuits of the multiplier and power amplifier are con- 
ventional and need no further discussion here. 

7. In amplitude modulation the amplitude of the carrier varies 
between zero and twice its normal value for 100-percent modulation. 
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There is also a corresponding change in power; consequently, additional 
power must be supplied to the carrier durmmg modulation peaks. 
Hence, the tubes cannot be operated at maximum efficiency at all times. 


In frequency modulation, however, so-called 100-percent modulation ~ 


has a different meaning. As shown in figure 198(), the amplitude 
of the signal remains constant regardless of modulation, since the 
modulating signal varies only the frequency of the oscillator. There- 
fore, the tubes may be operated at their maximum efficiency at all 
times. This represents one of the important advantages of frequency 
modulation. Modulation of 100 percent in frequency modulation indi- 
cates a variation of the carrier by the amount of the full permissible 
deviation: from RO to A” or B” in the graphic diagram of figure 199. 
The line RO represents the resting frequency, which will be assumed 
to be 20 megacycles. If the oscillator producing this frequency is 
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Figure 199. Graphic review of principles of frequency modulation. 
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modulated with a weak audio signal of 500 cycles, the oscillator 
frequency will vary from the resting frequency to, for the sake of an 
example, 19.99 megacycles, then back across the resting frequency 
to 20.01 megacycles, and back to the resting frequency at a rate 
of 500 times per second. If the frequency or pitch of the modulating 
signal is changed to 1,000 cycles per second (the amplitude remaining 
the same), the swing between A and B will occur at a rate of 1,000 
times per second. Increasing the amplitude of the modulating audio 
signal to a medium value for each of these two frequencies, will increase 
the deviation to A’ on one side of RO, and to B’ on the other. The 
rates of frequency change will still be 500 to 1,000 times per second, 
respectively. Increasing the modulating signal amplitude to cause 
the maximum carrier swing between points A” and B” gives the 
maximum allowable deviation, or frequencies of 19.96 and 20.04 mega- 
cycles, respectively. The rate of change again will depend on the 
frequency of the modulating signal. The frequencies between 19.96 
and 19.94 megacycles and between 20.04 and 20.06 megacycles are 
the guard bands set aside for separation between adjacent station 
channels. 


129. Methods of Frequency Modulation 


a. A successful f-m transmitter must fulfill two important require- 
ments. The frequency deviation must be symmetrical about a fixed fre- 
quency, and the deviation must be directly proportional to the amplitude 
of the modulation and independent of the modulation frequency. 
There are several methods of frequency modulation which fulfill 
these requirements. The arrangement discussed in paragraph 128, 
known as a mechamcal modulator, is the simplest system of frequency 
modulation, but is seldom used. The two important types of frequency 
modulation used in Army f-m radio equipment are known as the 
reactance-tube modulating system and the Armstrong phase-modulating 
system. The main difference between these two systems is that in the 
reactance-tube modulation method the r-f wave is modulated at its 
source (the oscillator), while in phase modulation the r-f wave is 
modulated in some stage following the oscillator. The results of each 
of these systems are the same; that is, the f-m wave created by either 
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Figure 200. Block diagram of reactance tube f-m transmitter. 
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system can be received by the same receiver. Each of the two systems 
of frequency modulation described in b and c below is treated in greater 
detail in paragraphs 183 and 184. 


b. The reactance-tube system of frequency modulation is shown in 


the block diagram of figure 200. In this system the oscillator is self- 
excited, usually operating in a Hartley circuit. Another tube, called 
the reactance tube, is connected in parallel with the tank circuit of 
the oscillator stage. By means of a suitable circuit, this reactance tube 
can be made to act as either a capacitive or inductive reactance, and 
this reactance is varied in accordance with the audio (modulating) 
frequency. The frequency of the oscillator is changed because of the 
changing reactance connected across its tank circuit, and thus a f-m 
signal appears in the output of the oscillator stage. This carrier (with 
frequency modulation) is passed through a frequency doubler, or 
multiplier stage, to increase the carrier frequency and deviation ratio. 
A power amplifier feeds the final signal into a suitable antenna. To 
keep the transmitter operating on its assigned frequency, a method of 
frequency stability is obtained by comparing the output of the trans- 
mitter with a standard crystal-controlled oscillator, and feeding back 
a suitable correcting voltage from a frequency converter and discrim- 
inator stage (par. 1380). 

c. The Armstrong phase-modulation system is shown in the block 
diagram of figure 201. This transmitter has an oscillator whose fre- 
quency is held at a constant value by means of a quartz crystal. This 
constant-frequency wave passes through an r-f amplifier which builds 
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Figure 201. Block diagram of Armstrong f-m transmitter. 


up the amplitude of the wave. The audio (modulating) frequency 1s 
applied to the r-f carrier by means of a combining network. The 
output of the combining network (r-f carrier resting frequency, plus 
carrier deviations) is fed into a series of class C r-f amplifier stages 
whose plate circuit is tuned to double the frequency of the grid circuit ; 
resulting in frequency doubling or multiplymg. The output wave, 
with high carrier frequency and high deviation, is applied to the 
antenna. The audio frequency appled to the modulating stage must 
be passed through a network which makes the audio amplitude inversely 
proportional to the audio frequency. The complete operation of the 
various stages in an Armstrong phase-modulation system is discussed 
in paragraph 134. 
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130. Reception of f-m Waves 


a. While the use of frequency modulation in the transmitter greatly 
simplifies the problem of modulation, frequency modulation in the 
recelver necessitates a circuit somewhat more complicated than would 
be necessary for amplitude modulation. The f-m receiver employs 
two types of stages not found in an a-m receiver: a limiter and a dis- 
criminator, or frequency detector. The superheterodyne receiver 1s 
used exclusively for frequency modulation because of the high amplli- 
fication necessary in many cases to bring the amplitude of weak 
signals up to that value where they will be affected by the action of 
the limiter. 

b. One of the basic requirements in an f-m receiver is that it be 
able to pass the required band of frequencies created by the trans- 
mitter; this band width may be as much as 80 kilocycles. A second 
requirement, and one which is necessary if the full noise-reducing 
possibilities of the f-m system are desired, is a limiting device to 
remove all amplitude variations of the received signal, so that the 
signal varies only in frequency before it reaches the detector. A third 
requirement is that the detector (discriminator) be capable of con- 
verting frequency variations into amplitude variations. 

c. A comparison between a superheterodyne receiver designed for 
the reception of amplitude modulation and one designed for the recep- 
tion of frequency modulation is shown in figure 202. In both types of 
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Figure 202, Block diagrams showing comparison between a-m 
and f-m superheterodyne receiver. 


receivers there is a t-r-f stage of amplification, and an h-f oscillator and 
mixer followed by one or more stages of i-f amplification. The respective 
stages of both sets are similar in purpose and circuit design up to this 
point, and the only differences are in the tuned circuits, which are 
designed to pass a much wider band of frequencies in the case of 
the frequency-modulation receiver. In the next two stages are found 
the two main differences between the receivers. The lometer of the f-m set 
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may be considered as a special type of i-f amplifier, while the dvs- 
criminator is a special type of detector. The audio-output signals of the 
detector of the a-m set and the discriminator of the f-m set are 
applied in each ease to an audio amplifier and then to a speaker. 


131. The Limiter 


a. The limiter in an f-m receiver serves to remove amplitude 
modulation, and to pass on to the discriminator an f-m signal of 
constant amplitude. The circuit of the limiter is shown in figure 208 ; 
the rest of the receiver is shown in block-diagram form. 

LIMITER 
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Figure 208. Simplified diagram of limiter. 


b. The f-m signal leaving the transmitting antenna is varying in 
frequency according to an audio-modulating signal, but is constant 
in amplitude. As the signal travels between transmitting and receiving 
antennas, however, it is combined with natural and man-made noises, 
or static disturbances, which cause variations in the amplitude of the 
modulated signal. In addition, there are variations caused by fading 
of the signal, such as might be encountered in moving vehicles. All of 
these undesirable variations in the amplitude of the f-m signal exist, 
and are amplified as the signal passes through successive stages of the 
receiver up to the input (7’) of the limiter (fig. 203). This condition 
of the signal, where both frequency modulation (desired) and amplh- 
tude modulation (undesired) are present at the same time, is shown 
by the waveform of figure 204@). It is the purpose of the limiter 
to eliminate these variations in amplitude due to noise impulses before 
the f-m signal is applied to the detector or discriminator. The charac- 
ter of the signal after leaving the limiter should be as indicated in 
figure 204@), where all amplitude variations have been removed, leaving 
a signal which varies in frequency only. 

c. The limiter circuit of figure 203 is similar to the grid-resistor- 
biased circuits studied previously. The limiter tube is of the sharp 
cut-off type and is operated with very low plate voltage and with 
erid-leak bias, so that it overloads easily. With the lower plate voltage, 
a larger grid current will flow when the signal is applied. This aids 
clipping action. Upon inspection of the cireuit it will be seen that 
no initial bias exists in the circuit. As the first alternation of the 
signal, regardless of strength, is applied from grid to cathode, it begins 
to drive the grid positive, causing a flow of grid current. This flow 
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of current, during the positive peaks of the signal, loads tuned 
circuit 7. Because of this loading of the tuned circuit there is a drop, 
or clipping, of the voltage across it during the positive peaks. This 
action may be compared to that in a generator, where an increase in 
current drawn from it will cause a decrease in voltage output because of 
the loss across the internal impedance of the generator. The positive 





? 


-——- 
ne ome 


@ 


TL-497N 


Figure 204. Limiter action in f-m receter. 


peaks are, therefore, clipped by action of the grid circuit. As in all grid- 
resistor-biased circuits, the current flowing in the grid circuit during the 
positive peaks, with the aid of grid capacitor C, develops a d-c voltage 
drop across grid resistor R. The value of this drop depends on the 
amount of grid current, which in turn depends on the signal strength. 
For example, assume a weak input signal A’ is applied to the circuit, 
as in figure 204@). The positive peaks of this wave will be clipped 
in the grid cireuit because of grid-current flow. This current will 
produce a bias which will change the operating point from zero bias 
to some point such as A. The negative peak in this case will not go 
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beyond cut-off and there will be no chpping of the negative peak. 
Notice that there has been some amplification, without further clipping, 
over that accomplished in the grid circuit. As the amplitude of the 
grid-input signal is increased, as at B’ in figure 204@), an increased 
grid current flows. This produces a greater drop across the grid 
resistor, putting a greater bias on the tube, as indicated at B. Since 


the negative peaks now swing beyond cut-off (point C), there is no - 


flow of plate current during that period. Consequently, the negative 
peaks are clipped in the plate circuit. From this discussion it can be 
seen that the input signal must reach a certain strength before 
chipping of both positive and negative peaks occurs. Because of this 
action of the limiter, there is an f-m signal of constant amplitude in 


the output of this stage, which can next be applied to the detector 
or discriminator. 


132. The Discriminator 


_a. The second major difference between amplitude-modulation and 
frequency-modulation receivers is represented in the detector or dis- 
eriminator. The detector in an amplitude-modulation receiver in- 
terprets the amplitude variations of the amplitude-modulated r-f 
energy in terms of an audio signal. In the f-m receiver, the dis- 
criminator interprets the frequency variations of the frequency-modu- 
lated r-f energy in terms of an audio signal. 

b. The discriminator of a typical f-m receiver is shown in figure 205. 
In this circuit the transformer used has a tuned primary LZ, and two 
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Figure 205. Simplified diagram of discriminator. 


tuned secondaries Ly and L3. The primary of this transformer is tuned 
to the center of the i-f pass band. This frequency corresponds to the 
resting frequency of the f-m signal as it is received at the antenna. 
Secondary Le is tuned above this resting frequency by an amount 
greater than the deviation of the signal, and Zs is tuned below the 
resting frequency by the same amount. Lz is connected in series with Re 
across diode D,;. Ls is connected in series with Rs across diode Ds. 
Since the direction of the electron flow in each diode cireuit is as shown 
by the arrows, the polarity of the voltage drop across each load 
resistor, f,. and #3, is positive at the ends toward the cathode and 
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negative at the ends toward the plates as indicated. Both resistors 
are connected at point B, which is the negative side of the voltage 
across each resistor. The two voltages, therefore, oppose each other, 
and the resultant voltage between point A and ground will be the 
difference between the two. The resultant polarity will be the polarity 
of the greater of the individual voltages. Figure 206@) shows possible 
resonance curves, A and B, for each tuned secondary, DL, and Ls, 
respectively. Their resonant frequencies are shown to be 5.95 and 
6.05 megacycles. The curves indicate the signal voltages developed 
across each tuned circuit as the frequency applied to the transformer 
varies through the values indicated. The only point at which both 
voltages are equal is at point X, which represents the resting fre- 
quency of 6 megacycles. Since curves A and B represent the voltage 
applied to D; and Ds, respectively, and the load resistors are connected 
in series opposition, the resultant voltage between point A and ground 
can be shown by figure 206@). From this S curve it can be seen that 
if, in 1/500 of a second, the frequency-modulation wave varies from 
the resting frequency of 6 megacycles to 5.96 megacycles, backs to the 
resting frequency, on up to 6.04 megacycles, and back again to the 
resting frequency, the voltage developed between point A and the 
eround (fig. 205) will be the 500-cycle audio wave indicated to the 
right of figure 206@). The frequency variations of a f-m wave are 
thus changed into an audio signal in the form of amplitude variations. 
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Figure 206. Voltage waves across discriminator load resistances. 


c. Another method of detecting f-m signals is to apply the incoming 
sional to a circuit tuned to a slightly different frequency from that of 
the signal. A higher frequency will cause an Increase 1n the current 
in the tuned circuit, and a lower frequency will cause a corresponding 
decrease in current. This current change converts the frequency varia- 
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tion into a current-amplitude variation, which van then be passed. 


through a normal amplitude-modulation detector. This explains why 
f-m signals: may be received with amplitude-modulation receivers 
under certain conditions. The quality resulting from such detector 
action, however, is very poor, because of the nonlinear action of the 
circuits involved. 

d. The most widely used form of discriminator is known as the 
Foster-Seeley circuit, a variation of the basic discriminator described 
above. The action of the Foster-Seeley discriminator in an operating 
circuit is described in paragraph 1337. - 

e. The audio output of the discriminator stage is almost always 


apphed to one or more stages of audio amplification before reaching 
the loudspeaker. - 


133. Circuit of Reactance-tube Transmitter-receiver Set 


a. The cireuit diagram of a typical Army f-m combined transmitter 
and receiver is shown in figure 207. This equipment, known as the 
SCR_509, is a portable f-m set in which the transmitter and the 
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Figure 207. Simplified circuit diagram of Radio Set SCR-509. 


receiver are built into the same chassis. The circuit has been simplified 
by showing certain conventional and well-known stages in block 
diagram form. 

b. The operation of the transmitter circuit will be considered first 
The stages of this transmitter include a reactance-tube modulator - 
electron-coupled oscillator-doubler, a push-push doubler, and a piel: 
pull power amplifier feeding an r-f signal into the neenn 
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c. The oscillator section of a simple electron-coupled oscillator- 
doubler consists of a conventional Hartley circuit in which Ly is the 
erid section of the coil and Le is the plate section (fig. 207). The 
screen grid of the tube acts as the plate of the oscillatory section of 
the circuit. The plate circuit of the tube doubles all frequencies 
created by the oscillator and also provides coupling to the buffer stage. 

d. Frequency modulation is accomplished in this transmitter by 
means of a reactance-tube modulator stage. Tube 7’. is shunted across 
the oscillator tank through Cx, and the filament circuit, and is then 
made to act as a capacitor. By varying the amount of current flowing 
through this tube, its capacitive effect across the oscillator tank can 
also be varied. 

e. The audio frequency created by microphone M (fig. 207) is 
coupled through the transformer to the erid of the reactance-tube 
modulator 7s. The current through the tube will thus vary in ac- 
cordance with the a-f signal, thereby varying the capacitive effect of 
the tube on the oscillator tank, and finally varying the frequency of 
the oscillator at an audio rate. This f-m signal is doubled in the plate 
circuit of the oseillator and fed to the grids of the push-push doubler, 
thence to the power amplifier, and finally into the antenna. 

f. The amount of linéar frequency deviation obtainable by any f-m 
system is limited. For this reason, the oscillator is operated at a 
low frequency, then frequency modulated and doubled, and the output 
fed to a buffer-doubler stage. If two different frequencies are fed 
into a doubler, for example, 10 megacycles and 10.015 megacycles, the 
resulting frequencies of 20 and 20.030 megacycles differ by 0.030 
megacycles, which is twice the original difference. In this transmitter 
the oscillator is operated at some frequency between 5 and 6.97 mega- 
eyeles. Under modulation, the frequency is caused to deviate by 
amounts up to 9 kilocycles. This f-m signal 1s doubled in the plate of 
the electron-coupled oscillator circuit and fed to the grids of the push- 
push doubler. In the plate circuit of the doubler, which is tuned to 
twice the frequency of its grid circuit, a resting frequency four times 
the original oscillator frequency, and a deviation of 36 kilocyeles, 
which is four times the original deviation, are obtained. This signal 
voltage is transformer-coupled to the power amplifier. 

g. In the reactance-tube modulator system, frequency modulation of 
the carrier is accomplished at its source, the oscillator. Crystal control 
of the oscillations under this condition is impossible. The oscillator 
may not return to its resting frequency at the end of each cycle of 
audio signal, but may drift and begin to vary around some frequency 
other than the resting frequency. To avoid this, some method of 
frequency stabilization is necessary when using the reactance-tube 
modulator system. The stabilization system used with this transmitter 
is described in k below. 
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h. The receiver section of Radio Set SCR—509 is shown in the lower 
half of figure 207. The conventional circuits are shown in block diagram 
form for simplicity. The same antenna is used for both the transmitter 
and receiver. The received f-m signal is applied through capacitor Cy 


and ground across resistor Rs between the grid and filament of the r-f- 


amplifier. The r-f stage is tuned impedance-coupled to the grid of the 
mixer stage. The oscillator signal is applied to another erid of the 
mixer. The i-f signal produced in the plate circuit of the mixer is 
transformer-coupled to the grid-cathode circuit of the first i-f amplifier 
The signal produced in the plate circuit of this stage is teandtontier: 
coupled to the grid circuit of the second i-f amplifier. The amplified 
signal in the plate circuit of this stage is transformer-coupled to the 
limiter-grid circuit. Up to this point, the circuits of each individual 
stage are smilar to those used in corresponding stages of a receiver 
designed for reception of a-m signals. There is a difference. however 
in the actual construction of the tuned circuits. Some method sich 
as applying the proper degree of coupling and shunting the ae 
circuits with a resistor, is used to provide the proper band-pass 
characteristic. 

1. The limiter circuit of this receiver is of the conventional type 
described in paragraph 131. Clipping of the positive peaks is accom- 
plished in the grid circuit because of grid-current flow; negative peak 
clipping is accomplished in the plate circuit because of plate-current 
cut-off on those peaks. It is intended that the large number of amplifier 
stages used in the first part of the set will bring the amplitude of any 
weak signals within the limiting action of the tube. Referring to 
figure 207, if too strong a signal is applied to the limiter. the oid. 
current flow will cause a large voltage drop across grid roseior R 
thus blocking the limiter. To prevent this, the r-f stage 18 so hee 
that the stronger signals will cause grid current to flow through resistor 
fig with consequent initial clipping of these signals, thus reducing the 
signal strength to a value which will permit correct operation of the 
limiter. The signal leaving the limiter will then have an almost con- 
stant amplitude and the output of the discriminator will be affected 
only by frequency variations of the signal. 

a, Because of the difficulty of adjustment, the double-tuned type of 
f-m discriminator (par. 132b) is not used in f-m equipment of recent 
manufacture. As in the receiver of Radio Set SCR-509, most modern 
f-m recelvers requiring a discriminator circuit will use some form of 
the Foster-Seeley circuit (fig. 207). This type of discriminator 
operates from a center resting frequency, thus producing a zero output 
voltage. On either side of this frequency the discriminator gives a 
voltage (across load resistors Ry and R;) of a polarity and magnitude 
which depend on the direction and amount of frequency shift. The 
Foster-Seeley circuit requires only two tuned circuits, and the opera- 
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tion of the circuit results from the phase relationships existing in a 
transformer having a tuned secondary. These phase relationships 
cause unequal and varying voltages to be applied to the two diodes, 
and a d-e voltage proportional to the difference between the r-f voltages 
applied to the two diodes will exist across the two series load resistors. 
As the signal frequency varies back and forth across the resonant 
frequency of the discriminator, an a-c voltage of the same frequency 
as the original modulation is developed and passed on to the audio 
amplifier through capacitor Cy, (fig. 207). 

k. In the transmitter shown in figure 207, the frequency of the 
oscillator is varied at its source. Direct crystal control of the oscillator 
is therefore impossible, since the frequency of a crystal cannot be 
varied instantaneously to any great extent. The oscillator is subject 
to drift as a result of mechanical vibration, and voltage and tem- 
perature changes. Since an oscillator designed to operate around a 
resting frequency of 5 megacycles may begin to operate at some fre- 
quency above or below 5 megacycles, some method of stabilization 
must be used to prevent this. In the SCR-509, the receiver acts as a 
frequency stabilizer when the transmitter is operating. Some of the 
signal is taken from the output of the transmitter and applied through 
Cy (fig. 207) to the grid circuit of the r-f stage of the receiver. This 
signal from the transmitter is very strong. To avoid blocking the 
limiter, the r-f stage is designed to provide some limiting action on 
strong signals as a result of grid-current flow. The signal is passed on 
to the mixer, where it is heterodyned with the signal created by the 
receiver crystal-controlled, high-frequency oscillator. This stable 
erystal-oscillator frequency is called the reference frequency of the 
stabilizing system, because it is used as the standard of comparison for 
stabilization of the transmitter. The intermediate frequency produced 
is passed on through the succeeding stages to the discriminator. When 
modulation of the transmitter oscillator occurs around its intended 
resting frequency, the signal applied to the discriminator will vary 
equally to either side of the frequency to which the discriminator 
transformer is tuned. The audio signal produced between point X 
and ground (fig. 207) will vary equally to the positive and negative 
sides of zero voltage—from A to B (fig. 208). This signal is appled 
through the audio filter (fig. 207), consisting of Rs and Cio, to the 
grid of the triode section of 75. The filter removes the audio com- 
ponent, leaving no control voltage for the grid. The triode draws its 
normal plate current and causes a normal drop across #7, which thus 
provides normal biasing of reactance tube T', (fig. 207 \. If, because of 
drift, modulation of the oscillator occurs around a frequency lower than 


the intended resting frequency, the intermediate frequency of the 


receiver will vary around some frequency lower than the resonant 
frequency of the discriminator. The discriminator audio-output voltage 
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will then vary equally to either side of some positive voltage, which 
will be assumed to be 3 volts, as indicated from B to C in figure 208. 
The audio component is filtered out by Re and Cio, resulting in an 
average positive control voltage of 3 volts applied to the grid of the 
triode section of 75. This causes an increase of current through fh, 
in the plate circuit of the tube. The increased drop produced by this 
current increases the bias on the reactance tube, thus decreasing the 
transconductance of the tube, and thereby decreases the capacitive 
effect of the tube on the oscillator tank. This results in a return to 
approximately the proper resting frequency. This correcting, or 
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Figure 208. Audio signal resulting from modulation of 
resting frequency. 


stabilizing, action is extremely rapid. An oscillator drift to a higher 
resting frequency results in a negative average voltage. This decreases 
the current through R, (fig. 207), thus decreasing the capacitive effect 
of TJ. on the oscillator tank, and thereby returns it to approximately 
the proper resting frequency. This method of stabilizing is very 1m- 
portant in f-m cirenits employing self-excited oscillators. 


134. Circuit of Phase-modulated Transmitter-receiver Set 


a. The noise-reducing advantages of frequency modulation have 
been put to practical use in the Army f-m transmitter and receiver set 
designed for communication between tanks. In spite of the high level 
of noise-producing electrical disturbances encountered in armored 
vehicles, very satisfactory communication can be accomplished with 
this equipment, known as the SCR-508. A simplified circuit diagram 
of the f-m transmitter is shown in figure 209, and a block diagram for 
the f-m receiver is shown in figure 213. 

b. The operation of the transmitter circuit will be considered first. 
Since most of the stages shown in figure 209 have been studied previ- 
ously, they are here shown in block-diagram form for purposes of 
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simplicity. The only part of the transmitter that 1s different from 
circuits previously discussed is shown in circuit form. The radio cir- 
cuit, from the frequency modulation standpoint, is as simple as it looks. 
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Figure 209. Simplified circuit diagram of f-m transmitter 
of Radio Set SCR-508. 


c. The first stage of the transmitter is a crystal-controlled oscillator, 
using the stable and dependable Pierce-oscillator circuit. The Pierce 
oscillator is a Colpitts oscillator in which the inductance of the tank 
circuit is replaced by a erystal. This oscillator operates with any one 
of 80 different crystals whose frequencies range between 370.37 and 
516.667 kilocycles. A selected 10 of these crystals are installed in a 
special crystal compartment which has a heating element to help 
maintain crystal-frequency stability. Any one of these channels, repre- 
sented by the 10 crystals, may be selected in an instant by means of a 
push-button mechanism. 

d. The output of the crystal oscillator is coupled to the first r-f 
amplifier or buffer stage. Except for the plate tank, this stage 1s a 
conventional pentode r-f amplifier with grid-resistor biasing. The 
purposes of the stage are to provide some amplification and to isolate 
the oscillator from the other stages. The plate circuit of the buffer is 
cnusual, and is the only part of the transmitter that requires detailed 
explanation. 

e. The buffer stage is shunt fed through coil Z,. The plate-tuned 
circuit consists of coils Ly and Ls in series. These coils are tuned to the 
oscillator frequency by means of the variable capacitor C, and the 
trimmer C>. C3 is a temperature-compensating capacitance. It can be 
seen that part of the r-f voltage of the buffer plate circuit will be 
developed across Ls, and part across L;. In addition to the r-f current 
flowing through Ls, the output of the audio section, consisting of the 
microphone, the first audio, second audio, and output transformer 7’, 
is applied through the r-f choke Ly, and erounded across L3. This coil, 
known as the nonlinear reactance-modulator coil, provides modulation 


for the transmitter. The operation of this coil is based on its char- 
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acteristic of becoming saturated as a small amount of current flows 
through it. 


f. Briefly reviewing some of the facts concerning saturation of a 


coil, it will be remembered that when current flows through a coil, 
there is set up about the coil a magnetomotive force, the intensity of 
which depends upon the amount of current flowing through the coil. 
This force in a magnetic circuit may be compared to the voltage of an 
ordinary electrical circuit. This magnetomotive force sets up a flux 
about the coil, which is comparable to the current of an ordinary circuit, 
and has a density which depends on the reluctance of the core of the 
coil. The core reluctance, which may be compared to the resistance of 
an electrical circuit, has a value which depends on the material forming 
the core. The reluctance of an air core remains constant regardless of 
current. This results in an increase of flux density which is in pro- 
portion to the increase in both current and magnetomotive force. When 
a magnetic substance makes up the core of a coil, however, the reluctance 
is no longer constant, regardless of current. Instead, as a current begins 
to flow, the reluctance is very low and the flux is very high compared 
to that existing in an air-core coil under similar conditions. With an 
increase in current, the reluctance gradually increases and the rate-of- 
flux increase is reduced. After the current reaches a certain value, 
which depends on the core material used, the reluctance increases very 
rapidly until its value approaches that of air. At this value, any 
further increase in current will produce no appreciable increase in 
flux. This condition is known as saturation. B-—H curves, in which 
magnetizing force 18 plotted against flux, are shown for both Permalloy 
and Armco iron in figure 210. Note how quickly Permalloy reaches 
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Figure 210. B—H curves for nonlinear reactance modulator coil. 
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saturation in comparison to Armco iron. The nonlinear modulator coil 
used in this f-m transmitter is a spiral of wire wound around a small 
circular core of Permalloy ribbon. Because of this Permalloy material, 
the core reaches saturation with relatively small values of r-f current 
applied to it. As shown in figure 210, the B—H curve showing flux 
change below saturation is very steep. A sine-wave voltage is applied 
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across the coil, and as the current through the coil increases from zero 
to some value such as A (fig. 211), there is a rapid building up of flux 
until the core becomes saturated. As the current increases from the 
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Figure 211. Voltage pulses developed across nonlinear 
modulator coil. 


value indicated by A through its maximum value and decreases to a 
value indicated by B, there is no change of flux, since the core remains 
saturated during this period of current change. As the current de- 
creases below the saturation point B (fig. 211) to zero value, there is a 
rapid change of flux in the opposite direction. As the current increases 
from zero in the opposite direction to C, the flux continues the rapid 
change and again reaches saturation. As the current continues its 
increase from C to its maximum value and then decreases to a value 
indicated by D, there is again no change of flux, since the core is 
saturated during this period of current change. As the current decreases 
below the saturating value to H, there is again a rapid change of flux. 
This change of flux continues cycle after cycle. It will be remembered 
that an electromotive force is induced only by a changing flux, and 
also that the value of this electromotive force depends on the rapidity 
of the change of that flux. Consequently, there is no electromotive 
foree induced during those periods of the cycle between A and B, 
C and D, etc., since there is no change of flux during these periods. 
However, during the intervals between B and C, D and HE, etc., there 
is a very rapidly changing flux, resulting in the induction of a pulse 
of voltage of high amplitude, as shown in the lower part of figure 211. 
Notice that each of the voltage pulses occurs exactly 90° after the 
current peaks. Since this 90° phase difference is constant with each 
cycle when a pure r-f voltage is applied, there is no change in frequency. 
However, as has been pointed out with respect to figure 209, in addition 
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to the r-f currents flowing through Ls, the audio-output currents also 


flow through it. The audio currents and the r-f currents are shown in 
fizure 212@ and @), respectively, and they form a resultant current, 
as indicated in figure 212@). As can be seen from this diagram, the r-f 
currents no longer go through their zero values at the same time 
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Figure 212. Development of phase-modulated wave by use of 
nonlinear modulator coil. 
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intervals as the original r-f current. Instead, it is found that the 
intervals are different for each cycle. 

g. Referring to figures 212@) and @), with the aid of the broken 
lines between them, the resultant current @) goes through its zero 
values at. the same time as the original carrier current @) when the 
audio cycle is going through its zero values. This is indicated by 
points A, B, and C. During the positive alternation of the audio cycle, 
the zero values of the resultant. current G) occur later (by varying 
degrees) than the corresponding zero value of the original carrier 
eurrent. On the negative alternation of the audio cycle, the zero values 
of the resultant current @) occur earlier (by varying degrees) than 
the corresponding zero value of the original carrier current @). As 
shown in figure 212@), the resulting inductive voltage pulses will 
appear as this resultant current goes through its values around zero. 
This is indicated between lines D and HF of @). These voltage pulses 
occur in both a positive and negative direction. The net result is that 
the time interval between the positive voltage pulses of @) is maximum 
as the audio cycle is changing from its negative to its positive alterna- 
tion, and minimum as the audio is changing from its positive to its 
negative alternation. On the peaks of both the positive and negative 
alternations, the period between the pulses reaches an intermediate 
value. In this way the low, high, and resting frequencies are produced. 
By inspection of @), it is seen that the high frequencies in the positive 
direction occur at the same point as the low frequencies in the negative 
direction, and the low frequencies in the positive direction occur at 
the same point as the high frequencies in the negative direction. The 
resting frequencies of both occur at the same points. The difference 
in amplitude of the voltage pulses is due to the difference in the rate 
of current change at these points, as it goes through the area between 
saturation limits, points D and EH in @). The rate of current change 
at point XY in (@) is less than at point Y. These variations in ampli- 
tude, however, are suppressed by limiter action. 

h. Because of the time relationship between the positive and nega- 
tive pulses, one or the other must be removed by rectification, in order 
to avoid serious frequency distortion. After rectification, the signal 
will appear as indicated in G), with the time interval between each 
pulse gradually increasing to a maximum and then decreasing to a 
minimum at an audio rate. When these voltage pulses are applied 
to a tuned circuit, because of the flywheel effect, a smooth wave is 
created, having both positive and negative alternations. This wave 
will have the same varying time interval between positive peaks as 
the applied voltage pulses. This wave is shown at (©). The small ver- 
tical lines along the wave axis designate the points at which the orig- 
inal wave of @) passed through zero, thus aiding in visualizing the 
phase change between the waves of @) and @). For the sake of clear- 
ness in the illustration, the phase change has been exaggerated. 


217 


i. Affecting a current or voltage by some means so that the time 
intervals at which it goes through its Instantaneous values are changed 
is known aS a phase change. During the cycle in which this change 
occurs, the period of the cycle has been either increased or decreased, 
and during that particular cycle it is comparable to a lower or higher 
frequency. In the system of modulation just described, such a change 
occurs in varying degrees in each succeeding cycle. Thus, the period 
of each cycle after modulation is different from that of the cycle 
preceding or following it, even though the periods of each eycle are 
originally identical. Any process which changes the frequency of 
the r-f energy already generated at a constant frequency is referred to 
as phase modulation. 

j. The inductive voltage pulses shown in figure 212@ (from imduc- 
tor Ls in fig, 209) are applied across the grid cathode of the rectifier. 
The circuit of this rectifier is that of a conventional erid-biased class 
C amplifier. The wave created by the reactance coil has a strong 
ninth harmonie content. The plate circuit of the rectifier is tuned to 
this harmonic, multiplying by nine the small frequency, or phase 
variation, caused by the coil. The output of the rectifier is trans- 
former-coupled to a conventional single-ended doubler whose plate 
circuit is tuned to the second harmonic of the frequency on its grid, 
or the eighteenth harmonic of the phase-modulated signal at the out- 
put of the modulator coil. This doubler is transformer-coupled to a 
conventional one-tube tripler which increases to 54 the multiplication 
of the modulator coil output. The tripler is transformer-coupled to 
the power amplifier which has the ordinary grid-bias circuit. 

hk. Since modulation in the transmitter of the SCR-—508 is accom- 
plished after the r-f or buffer amplifier stage, the oscillator can be 
erystal-controlled, thus eliminating any necessity for frequency-stabil- 
izing circuits. This is the main advantage of the phase-modulation 
method over the reactance-tube method. There is one characteristic 
of phase modulation that must be corrected before the final output of 
both the reactance-tube and phase-modulation systems are similar. In 
changing the frequency of a constant r-f voltage, the rate of phase 
change, and consequently the frequency, increases as the modulating 
frequency increases. For example, an audio frequency of 100 cycles 
and of a certain amplitude may cause a 9-kilocycle deviation. A fre- 
quency of 1,000 cycles with the same amplitude will cause a clevia- 
tion of 20 kilocycles. If the modulating frequency is increased to 20 


times the original 100 cycles, the 9-kilocyele deviation will be multi- 


plied by twenty. In the SCR-508, the consequent increased emphasis 
on the high audio frequencies, known as the rising characteristic of 
phase modulation, 1s used to advantage to minimize the interfering 
effect of low-frequency sounds caused by mechanical and tank motor 
noises, which are picked up by the microphone and broadeast by the 
transmitter. 
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1. The receiver section of f-m Radio Set SCR—908 is shown in fig- 
ure 213. The individual circuits of this receiver are, with two notable 
exceptions, much the same as those used in the receiver section of 
the SCR-509. The receiver of the SCR—508 employs a variation of 
the basic limiter circuit to cope with weak signals, and an entirely 
new type of squelch circuit is introduced for controlling volume when 
no intelligence is being received. The discriminator used in this f-m 
receiver is a variation of the circuit already described in connection 
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Figure 213. Block diagram of f-m receiver of Radio Set SCR-508. 


with the SCR-509. The intermediate-frequency oscillator uses a Hart- 
ley circuit, which provides a signal for setting up the 10 push-button 
frequencies and enabling emergency alignment of the receiver. At all 
other times this oscillator is made inoperative by means of a switch 
in its plate cireuit. 

m. A slight variation in the limiter circuit for this f-m receiver is 
shown in figure 214. This difference is the audio choke coil Ly; in the 
cathode circuit which is used to provide inverse-feedback linuiting on 
signals too weak to be affected by the negative peak-clipping action 
of the tube. Weak signals will have their positive peaks clipped be- 
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Figure 214. Simplified circuit diagram of limiter in receiver 
section of Radio Set SChk—508. 


cause of the flow of grid current when the grid is driven positive. 
Since a signal may be too weak for its negative peak to drive the tube 
to cut-off, negative peak clipping will not be accomplished through 
the normal peak-limiting action of the tube. An audio component 
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caused by amplitude variation will then appear in the plate circuit. 
Choke L, and capacitor C; in the cathode circuit offer a high im- 
pedance to this audio component, and produce a corresponding voltage 
drop. This voltage is in the erid-cathode circuit and is positive at the 
cathode with respect to ground. It will tend, therefore, to make the 
erid more negative while the audio component at the grid is acting 
to make the grid more positive. This provides a degenerative, or 
canceling, effect on the audio component of the weak signals. With 
this arrangement, even the weak signals are of nearly constant ampli- 
tude when applied to the detector. 

n. A squelch circuit is provided in this f-m receiver to eliminate 
any necessity for the operator’s listening to the receiver noise between 
messages, or when the signal is not strong enough for successful re- 
ception. This type of circuit comes under the general heading of 
control circuits, which include automatic volume control, delayed auto- 
matic volume control, ete. The squelch circuit 1s not basically a fre- 
quency-modulation device, since it is also used in some amplitude- 
modulation receivers. 

o. An understanding of the squelch circuit requires some knowledge 
of the noise, disturbance, or interference to be removed from the stages 
of the f-m receiver. If an f-m signal-is of sufficient strength, sporadic 
static impulses will be superimposed on the carrier-frequency wave 
mainly in the form of amplitude variations, and these amplitude 
changes will be eliminated by the normal action of the limiter. How- 
ever, if the f-m signal 1s less than twice the strength of the noise 
impulses, the resultant of this mixture, or combination, will be a com- 
plex wave which may have many of the frequency characteristics of 
the noise impulses. The clipping action of the limiter will not remove 
the noise component from such a signal. The limiter, alone, 1s also 
ineffective at a time when no r-f wave is being received and the 
antenna is exposed to noise impulses, since clipping the peaks will 
not eliminate the noise impulses completely. 

p. Throughout the explanation of this circuit, reference will be 
made to figure 215, which shows a simplified diagram of the squelch 
tube 7, and its associated circuits. The remainder of the f-m receiver 
is shown in block diagram form for simplicity. Resistor Ry of the volt- 
age divider is connected between erid and cathode of the squelch tube 
T, through a series-parallel network of resistors. This network con- 
sists of the series branch of Ai1 and Ry in parallel with the branch 
Ry and Ry, and Riz and Ry. The series-parallel network consisting 
of Ro, Rio, Ris, and R42, also forms the discriminator load. When there 
is no signal being applied to the discriminator, as, for example, be- 
tween messages, there is no voltage developed across resistors Ry and 
Ry. The only voltage in the erid circuit is that developed across Rs 
of the voltage divider, thus causing a high current in the plate circuit 
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Figure 216. Simplified circuit diagram of squelch system used in 
f-m receiver of Radio Set SCR—-508. 


of tube 7,. The voltage for this plate circuit is obtained from across R4 
and Rs of the voltage divider through Ry, which is also in the grid 
circuit of the first audio stage. The voltage developed across this re- 
sistor is great enough in magnitude and of the correct polarity, as 
indicated, to block the first audio stage. In this way noise impulses 
and hiss are prevented from reaching the speaker when no signal is 
being received. When a r-f signal is coming in through the antenna 
there will be a voltage drop across Ry and Ryo, with the polarity ee 
cated, as a result of normal discriminator action. These parallel volt- 
ages, In series with the voltage across fy, are applied through Ry, 
and #4. and the filter resistors Ay; and Ay, across the grid and cathode 
of T,. The polarity of the Ry and Ary voltages tends to make the grid 
of the squelch tube negative with respect to the cathode. The polarity 
of the R4, voltage tends to make the grid positive with respect to the 
cathode. When the voltage across Ry and Ryo 1s great enough, as a re- 
sult of a signal of sufficient strength, to overcome the voles of FR, 
and drive tube 7; to cut-off, there will be no current in the plate 
circuit of 7;. There will be no voltage developed across R1¢; the high 
negative bias is removed from the grid of the first audio stage, allow- 
ing it to go into normal operation. The purpose of the Peuistor-caGaciter 
network consisting of B13, Ry4, Cy and Ce is to filter out all audio varia- 
tions from the voltage developed across Ry and R49 before it is applied 
to the grid of the squelch tube. The squelch circuit will then respond 
to the average strength of the signal, rather than to any instantaneous 
variations. When reception of the message has been completed and 
there is again no signal present at the antenna, there will be no voltage 
drop across Ry and Ryo, and the grid of the squelch tube will again 
be positive with respect to the cathode by the amount of the drop 


22 


across R,. The resulting current in the plate circuit of 7, will again 
cause a large enough drop across Rig to block the first audio stage. 

g. The ON-OFF switch S is used to put the squelch system in and 
out of operation. In the OFF position it grounds the cathode circuit 
of the first audio below the cathode resistor, thus allowing operation 
of that stage. In that same operation it also grounds the plate of the 
squelch tube, putting it at a lower potential than the squelch cathode 
and thus completely throwing the squelch tube out of operation. 
This allows the reception of signals not strong enough to trip the 
squelch circuit. 

r, An interesting refinement of this squelch system is the 2-megohm 
resistor Ry, shunted by neon lamp L in the plate circuit of the first 
audio stage. When there is no signal being received, the squeleh action 
biases the first audio to cut-off. There is no current in the first audio 
plate circuit, no voltage across Ris, and the neon lamp L does not 
light. When a signal does appear at the receiver antenna, tripping 
of the squelch circuit causes current flow in the plate circuit of the 
first audio, and produces a voltage drop across tis sufficient to lonize 
the neon gas in lamp DZ and cause it to glow. This lamp is mounted 
on the front panel of the receiver and serves as an efficient call lamp 
to warn the operator that a message is being received. 


135. Capabilities of Frequency-modulated Systems 


a. Frequency-modulated transmitting apparatus, In general, is rela- 
tively simple, and very little power is required to accomplish modula- 
tion. F-m receiving equipment, on the other hand, is a good deal 
more complicated than amplitude-modulated systems. Receivers for 
frequency modulation are essentially superheterodynes, with special 
consideration given to the limiter and discriminator stages of the 
circuits. 

b. There are two important advantages of frequency modulation over 
amplitude modulation. 

(1) Noise ean easily be reduced to a negligible value in most cases. 

(2) In frequency-modulation transmission, because of the constant. 
amplitude of the output signal, the power does not vary when the 
signal carrier is modulated. As a consequence, the tubes can be oper- 
ated continuously at maximum output, and no reserve power need be 
retained to supply added power on modulation peaks, as 1s hecessary 
in amplitude modulation. Also, for this same reason, the modulator 
does not have to supply much power, obviating the usual necessity for 
a. high-power tube and power supply, as in amplitude modulation. 

c. There are two important disadvantages of frequency modulation, 
in comparison with amplitude modulation. 

(1) A disadvantage, from -a tactical standpoint, is the fact that of 
two stations operating on closely adjacent frequencies, a recelving sta- 
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tion normally hears only the stronger transmitter, signals from the 
weaker station being entirely inaudible in the background noise of the 
stronger. This is due, in part, to the wide frequency band now found 
necessary for a single channel, or carrier. Since noise impulses have 
some small effect on the frequency of the carrier, the deviation used 
must be large in comparison with any frequency change caused by 
noise impulses. Under these conditions, any such change due to noise 
will be negligible as compared to the desired signal. 

(2) Because of this, the use of frequency modulation is confined to 
high frequencies, where such required frequency-band space is avail- 
able. This in itself is another disadvantage, since radio waves behave 
somewhat like light waves at these high radio frequencies, and the 
service area of a transmitter is confined approximately to the “line 
of sight” range of its antenna to the horizon. By way of compensa- 
tion, however, static is generally lower at these high frequencies, than 
it is at the lower communication frequencies. 

d. A comparison between frequency modulation and amplitude 
modulation is given in table VII. 


136. Facsimile 


a. Facsimile involves the- transmission and reception of any intelli- 
gence which can be recorded on paper, such as drawings, photographs, 
newsprint, sketches, and maps. Facsimile differs from television in 
that the former transmits only sil subjects, such as pictures and 
printed pages, whereas the latter deals with living scenes. The prob-. 
lems of facsimile are much simpler than those of television. The prin- 
cipal problem of any facsimile scheme is that of obtaining’ a trans- 
mitting medium capable of high fidelity reproduction of a-f currents. 
Just such a medium is provided by a frequency-modulation radio 
system. 

b. The facsimile transmitter employs a light and lens arrangement 
so designed as to illuminate a small spot (about 1/100 inch in diameter) 
of the copy being transmitted. Reflected light from the surface of the 
paper carrying the copy is focused on a photoelectric cell, which re- 
sponds with a current which is In proportion to the light. The magni- 
tude of this current controls the amplitude of an audio oscillator, 
which in turn modulates a radio transmitter. A mechanical arrange- 
ment shifts the light spot across the paper from side to side, the 
intensity of the reflected light varying with the degree of blackness 
of the copy and modulating the transmitter accordingly. At the end 
of each line of the paper scanned, the spot is shifted down by one 
diameter, and a new line is scanned until the complete copy has 
been exposed. 

c. The facsimile receiving system contains a rectifier which operates 
from the output of an ordinary receiver. The output of the rectifier 
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The other side of this potential is 
The stylus makes contact with the paper, and the 


passage of current through the paper causes a chemical coating to 
d. Each time the scanning device shifts the light spot to the next 


applied to a metal drum, which is wrapped in a specially treated 
motor rotating at a predetermined speed (the speed being fixed in 
line, an extremely short low-tone impulse is put out by the trans- 
mitter. In the receiver, as the end of a line is reached, the stylus is 
shifted to the next line and held there by a stop, and the output. of 


accordance with the transmitter scanning rate), the recording stylus 
is moved across the paper exactly in step with the scanning light of 


the transmitter. 
permits the recording to continue on the new line in synchronization 


next impulse actuates the electromagnet, which releases the stop and 
with the transmitted subject. 


the rectifier is transferred from the stylus to an electromagnet. The 


be removed, thereby exposing a black spot, the density of which 18 
related to the magnitude of the current flowing. By the use of a small 
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stylus 1/100 inch in diameter. 


recording paper. 
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SECTION XIV 


ANTENNAS, RADIATION, AND WAVE PROPAGATION 





137. Antenna Radiation 


a. After an r-f signal has been generated in the transmitter there 


must be a means of radiating the r-f energy into space, and a means 


by which this signal can be intercepted (picked up) by the receiver. 
The device which fulfills both requirements is called the antenna. Thus, 
radiation of the transmitter signal energy is sent out into space by 
a transmitting antenna. This energy, in the form of an electric field, 
in traveling through space, cuts across a receiving antenna, thus 
inducing voltages in it. If the receiver is tuned to the same frequency 
as the transmitter, the signal will be received, amplified, and made 
audible. The receiving antenna does not require extreme care in design 
for satisfactory operation. The transmitting antenna system, however, 
is critical in many constructional details. 

b. The proper design of the antenna system is of the utmost impor- 
tance in a transmitting station, for the antenna must be able to radiate 
efficiently so that power supplied by the transmitter is not wasted. The 
transmitting antenna must be very exact in its dimensions and must 
be properly constructed; otherwise, poor efficiency will result. 
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Figure 216. Typical transmitting antenna system. 


c. A complete transmitting antenna system consists of three distinct 
parts, as shown in figure 216: the coupling device, for coupling the 
output of the transmitter to the feeder; the feeder, or transmission 
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Figure 217. Types of transmitting antennas. 
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line, which carries the energy to the antenna; and the antenna proper, 
which radiates the signal energy. 

d. There are many shapes and sizes of antennas used for radio 
transmission, and several different electrical types of antennas. Some 
of the factors which determine the type, size, and shape of the trans- 
mitting antenna to be used are: 

(1) The frequency of operation of the transmitter. 

(2) The amount of power to be radiated. 

(3) The general direction of the distant receiving set. 

e. A number of kinds of transmitting antennas are shown in figure 
217. Two end-fed vertical radiators are mounted atop the fuselage of 
a heavy bomber in @), and a loop antenna is contained inside the 
bulletlike shield under the nose of the fuselage. A half-wave, center- 
fed Herte antenna, shown in (), uses a tuned resonant transmission 
line to feed the energy from the transmitter to the antenna. The 
whip antenna of (8) is an end-fed, vertical, modified Marcon antenna. 
The loop antenna of @ radiates a strong electromagnetic signal in 
certain directions and almost no signal in others. Another Marconi 
antenna is shown in 6), attached directly to a portable field radio- 
telephone set. A half-wave Hertz antenna, fed by a nonresonant 
(untuned) feeder line from the transmitter, is shown in ©). And 
finally, @ shows a fixed-station radiator, which may extend upward 
hundreds of feet. All of these various types and sizes of antennas, 
together with the methods of coupling and feeding energy from the 
transmitter tank circuit to the antenna, will be discussed in the 
following paragraphs. 


138. Principles of Radiation 


a. Alternating current passing through a conductor creates two types 
of electromagnetic fields about the conductor. One is the familiar 
induction or magnetic field, which gives rise to transformer action 
and to choke-coil effects. The induction field greatly diminishes in 
strength a short distance from the conductor, so that its effects are 
purely local. The second type of electromagnetic field accompanying 
an alternating current is a radiation field. In the induction field, 
energy is alternately stored and then returned to the conductor, 
whereas in the radiation field, none of the energy is returned. As 
the frequency is raised, more and more of the total energy does not 
return to the conductor, but instead is radiated off into space in the 
form of electromagnetic waves, called radio waves. Efficient radiation 
is achieved by the use of high. frequencies, that is, radio frequencies 
of 50 kilocycles and above. | 

b. Various factors in the antenna circuit, however, affect the radiation 
of these radio waves. If an alternating current is applied at one end 
of a length of wire (antenna), the wave will travel along the wire 
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until it reaches the other end. Since the end is free, there exsists an 
equivalent of an open circuit (point of high impedance) and the 
wave cannot continue farther. The wave bounces back or is reflected 
from this point of high impedance, and travels back toward the starting 
point where reflection again takes place. The energy value of this 
to-and-fro motion, or oscillation, is gradually dissipated by the resist- 
ance of the wire. If, however, each time it reaches the starting point, 
the wave is reinforced by an amount sufficient to replace the energy 
lost because of the resistance, a continuous oscillation of constant 
energy will be maintained along the wire. If the alternating voltage 
applied at the end of the wire is an r-f voltage, electrical impulses will 
be applied to the antenna at a rate equal to the frequency of the r-f 
voltage. Since these impulses must be properly timed in order to 
sustain oscillation in the antenna, and since the rate at which the 
waves travel along a wire is constant at approximately 300,000,000 
meters per second, the length of the antenna must be such that a wave 
will travel from one end to the other and back again during the period 
of one cycle of the r-f voltage. The distance a wave travels during the 
period of one cycle is known as the wavelength, and it is found by 
dividing the rate of travel by the frequency. If the wave is to travel 
exactly the length of the wire and back again during the period of 
one cycle, it is evident that the wire must be equal in length to one- 
half the wavelength of the voltage being applied. Under this condition, 
the wire is said to be resonant to the frequency of the applied voltage. 
If r-f power is now applied to one end of the length of wire, at point A 
in figure 218, electrons will move along the wire away from point A 
toward the end B during the negative alternation of the applied voltage, 
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Figure 218. Half-wave antenna and r-f source. 


and there will be a stoppage and crowding of electrons at pomt B, 
representing a high voltage at this pomt. On the next (positive) 
alternation of the applied voltage, the electrons will move toward point 
A, and there will be a stoppage and crowding of electrons at this end 
when the electrons traveling toward A meet the next impulse from the 
voltage source. This results in a high voltage at this point. In the 
center of the antenna there is at all times a maximum movement of 
electrons causing a high current, and therefore a low impedance. 
(Charges in motion constitute a current.) Very little voltage will 


‘appear, therefore, at the center of the antenna, and no current will 


flow at the ends. This condition, shown graphically in figure 219, is 


229 


called a standing wave. The points of high current and high voltage 
are known as current and voltage loops, respectively. The points of 
minimum current and minimum voltage are known as current and 
voltage nodes, respectively. The presence of standing waves describes the 
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Figure 219. Distribution of voltage (E) and current (I) 
on fundamental half-wave antenna. 


condition of resonance in a transmitting antenna. Since the waves 
traveling back and forth in the antenna reinforce each other, a maxi- 
mum radiation of electromagnetic waves into space results. When 
there is no resonance, the waves tend to cancel each other, thus dis- 
sipating their energies in the form of heat loss, rather than utilizing 
them to radiate the radio waves. 

c. A wire in space (a radio antenna) will resonate at more than 
one frequency. The lowest frequency at which it resonates is called 
its fundamental frequency, and at that frequency the wire is approxi- 
mately half a wavelength long. A wire or antenna can have two, three, 
four, or more standing waves on it, and thus will resonate at approxi- 
mately the integral harmonies of its fundamental frequency. 

_d. Most practical transmitting antennas come under one of two 
classifications, Hertz antennas or Marcom antennas. A Hertz antenna 
is operated some distance above the ground, and may be either vertical 
or horizontal. A Marconi antenna operates with one end grounded 
(usually through the output of the transmitter or the coupling coil 
at the end of the feed lne). Hertz antennas are generally used at 
higher frequencies, above about 2 megacycles, while Marconi antennas 
are used at lower frequencies. Marconi antennas may also be used 
at high frequencies in certain applications, such as airplane antennas 
where the airplane itself becomes the effective ground. 


139. Hertz Antenna 


a. The operation of the Hertz antenna is based on the fact that the 
wavelength to which any wire will tune depends directly upon its 
length. The radiator is thus self-tuned and no ground or counter- 
poise is necessary. Consequently, the Hertz antenna can be placed 
where it is less disturbed by the effects of grounded objects, such as 
buildings, and so forth, and is therefore more efficient. The basic 
antenna discussed in paragraph 138 is a Hertz antenna. 

b. The standing-wave resonance distribution of the current in a 
Hertz antenna at the fundamental frequency is shown in figure 220Q). 
From the standing wave of the current it will be seen that a maximum 
current loop occurs at the center of the antenna, and that there is 
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minimum current at the ends of the antenna. The wavelength of the 
corresponding wave is twice the length of the antenna. 
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Figure 220. Standing waves of current in half-wave Hertz antenna. 
(Voltage distribution shown by dotted lines.) 


c. When the same length Hertz antenna is excited at twice the 
fundamental frequency (the second harmonic), the resulting current 
distribution waves will be as shown in figure 220@). The wavelength 
of the corresponding (second harmonic) radiation will be equal to the 
length of the antenna. . 

d. If the antenna is twice as long (or a full wavelength for the Hertz 
antenna) the same condition of resonance exists, since the standing wave 
comes into existence when the reflecting wave is returned in step with 
the oncoming wave. Thus, any multiple of the half-wavelength (1,4), 
1A, 114d, 2d, etc.) will produce resonance conditions in the Hertz 
type of antenna. 
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Figure 221. Lower half of Hertz antenna replaced by 
extensive conducting plane. 
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140. Marconi Antenna 


a. If the lower half of the Hertz antenna is replaced by an extensive 
conducting plane (fig. 221), no disturbance is caused in the propagated 
waves from the upper half. In other words, the remaining quarter-wave 
will continue to radiate much in the same way as a half-wave antenna, 
provided a large and extensive conducting plane is present. A prac- 
tical form of such a radiating system is the Marconi antenna, in 
which the lower terminal of the generator is connected to eround, 
and the earth’s surface serves as the required extended conducting 
plane. Current and voltage distributions in such an antenna at the 
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Figure 222. Standing waves of current in quarter-wave Marcont antenna. 
Voltage distribution is shown by dotted lanes. 


fundamental frequency are shown in figure 229). The wavelength of 
the radiation at the fundamental frequency is four times the length 
of the antenna, since the antenna is only a quarter-wave in length itself. 

b. In the grounded Marconi antenna the voltage is necessarily a 
minimum, and the current a maximum at the base. For this reason, the 
antenna can resonate only when excited at odd harmonic frequencies 
(third harmonic, fifth harmonic, ete.). The current and voltage dis- 
tributions in a Marconi antenna, excited at the third harmonic fre- 
quency, are as shown in figure 22.22). 

c. Another conception of the operation of the Marconi antenna is 
illustrated in figure 223. Although a Marconi antenna has a physical 
length of one-quarter wavelength, it can be considered as functioning 
as a one-half wavelength antenna. The reason for this peculiarity 1s 
due to the fact that the antenna proper provides one-quarter wave- 
length, and the earth supphes the additional one-quarter wavelength. 
The total effective (or electrical) length then is one-half wavelength. 
This is shown in figure 223, where the lower half of the antenna has 
been replaced by the image of the upper half in the ground. 

d. The Marconi antenna uses a ground connection to make up half 
its electrical length. It will be remembered that a resistance in a 
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Figure 228. Current and voltage distribution in Marcon antenna. 


tuned circuit decreases the magnitude of current and broadens the 
selectivity of the circuit. In a like manner a high resistance In an 
antenna will decrease its efficiency. For this reason a low-resistance 
eround connection must be used. This 1s not always easy to accom- 
plish, since the earth in many localities is dry and sandy. When 
this is the case, a counterpoise is used. A counterpoise is simply a 
wire, a system of wires, or a mass of metal, which is used as a substitute 
for ground. This wire should be stretched underneath the antenna, 
about a foot above the ground and insulated from it, when a horizontal 
antenna is used. With a vertical type antenna, a spokelike arrange- 
ment of wires is used, extending outward from the antenna. This 
arrangement should also be about one foot above the ground and 
insulated from it. A vertical type Marconi antenna installed in a 
vehicle usually uses the vehicle chassis as the counterpoise, 

e. The Marconi antenna types are commonly used in Army radio 
equipment. The main advantage of the Marconi antenna lies in the 
fact that, for any given frequency, it 1s so much shorter than the 
Hertz antenna. This is of particular importance in all field and vehic- 
ular radio installations. 


141. Frequency and Antenna Length 


a. It is now the universal practice to designate radio waves in terms 
of frequency, which is expressed in so many cycles, kilocycles, or mega- 
cycles. Formerly, radio waves were designated in terms of wavelength, 
the unit being the meter. Wavelength figures are convenient in dis- 
cussions of antenna systems because the wavelength gives some indica- 
tion of the actual physical dimensions of the wires. For example, a 
half-wave antenna for 50-meter transmission is 25 meters (about 27 
yards) long. 

b. The important relationship between wavelength and frequency 
must be kept in mind. Since the velocity of radio waves through space 
is constant at the speed of hght, the more waves that pass a point per 
second, the closer together the peaks of those waves must be. Therefore, 
the higher the frequency, the shorter the wavelength. Frequency 
describes the number of wave cycles, or peaks, passing a given point per 
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second. Wavelength describes the distance the wave travels through 
space during one cycle, or oscillation, of the antenna current; it is the 
distance (in meters) between adjacent peaks of the series of oscilla- 
tions. This inverse relationship between frequency and wavelength is 
expressed by the formulas: 

Frequency (in cycles per second) = wt ne 

Wavelength (in meters) 

or 
300,000,000 


Waveleneth (in meters) = | i wai 
( ) Frequency (in cycles per second) 


142. Antenna Impedance 


a. A transmitting antenna has a definite impedance to electron flow at 
every point along its length. This impedance varies according to the 
relative amount of crowding of electrons as the ends are approached. 
The impedance existing at any point is equal to the voltage existing 
at that point, divided by the current at that point. Thus, the lowest 
impedance occurs where the current is highest—at the center of a 
half-wave Hertz antenna, or a quarter-wave from the end of a Marconi 
antenna. The highest impedance occurs where the current is lowest. 

b. A graphic picture of the impedance relationship along a half- 


wave Hertz antenna is shown in figure 224. The impedance at the center 
of this Hertz antenna is about 73 ohms. The impedance of a Marconi 


antenna is considerably lower. The impedance rises uniformly toward 
each end of the antenna, where it is about 2,400 ohms for a Hertz 
antenna, and about twice as high for a vertical Marconi antenna. 
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Figure 224. Impedance curve for half-wave Hertz antenna. 


143. Loading 


a. It is often desired to.use one antenna system for the transmission 
of signals of various frequencies. Since the antenna must always be in 
resonance with the transmitted frequency, the antenna proper may be 
lengthened or shortened for this purpose. But, except for trailing-wire 
antennas used in aircraft installations, this plan is not very practical. 
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b. The same result may be accomplished more conveniently by insert- 
ing a variable inductor or capacitance in series with the antenna. This 
is known as lumped-impedance tuning, or loading. The electrical leneth 
of any antenna wire can be increased or decreased by means of loading. 
If the antenna is too short for the wavelength being used, it 1s resonant 
at a higher frequency than that at which it is being excited. Therefore, 
it offers a capacitive reactance at the excitation frequency. This 
capacitive reactance can be counterbalanced by introducing a lumped 
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Figure 225. Three antennas, all equal electrically 
to a half-wavelength. 





inductive reactance, as shown in figure 225@). Similarly, if the anteuna 

is too long, it offers an inductive reactance, which can be corrected by 

introducing a lumped capacitive reactance, as shown in figure 2256). 

Thus, the antenna in figure 225@ is inductively lengthened, while the 
ntenna in figure 225(8) is ecapacitively shortened. 


144. Resonant Feeders 


a. If an antenna is to radiate properly, there must be some means of 
transferring the energy from the output of the transmitter to the 
antenna. This transfer of energy is accomplished by feeders or trans- 
mission lines in conjunction with coupling circuits. There are two 
eeneral types of feeders, the resonant (tuned) feeders and the non- 
resonant (untuned) feeders. Tuned, or resonant, feeders are the easiest 
to construct and to adjust for proper transfer of the signal to the 
antenna. ; 

b. The half-wave, single-wire voltage feeder is the simplest type 
of tuned feeder. The electrical length of the wire (fig. 226) is a full 
wavelength of the applied r-f voltage. An electrical impulse is applied to 
the wire at point P from the tank circuit 7. The wave will travel along 
the wire toward E. Since the length of the wire PSE is equal to one 
wavelength of applied voltage, the wave reaches the end # and is 
reflected just as the second wave leaves the tank circuit 7. Both waves 
are traveling toward point S. Having equal distances to travel they 
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Figure 226. Current and voltage loops on full-wave antenna. 


will meet at point S, thus causing a stoppage and crowding of the 
electrons at that point. The concentration of electrons built up at point 
S divides, part flowing toward the end # and part back toward P. As 
this last wave reaches point P, the third wave is given off by the tank 7, 
and there is again a stoppage and crowding of electrons at that point. 
As a result there will be voltages built up at points P, S, and #. These 
points of high r-f voltage will be one-half wavelength apart. In this 
way, the wave will oscillate between points P and S and points Sand £, 
with the losses due to resistance being made up by the energy supplied 
by the tank 7. At points X and Y, there is a maximum movement of 
electrons and therefore a high current. If the wire in figure 226 is bent 
at point S, as indicated by the dotted line, and the section PS is con- 
nected to the transmitter tank circuit, as shown in figure 227, an 
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Tigure 227. Half-wave, single-wire, voltage-fed antenna. 


arrangement known as a single-wire, voltage-fed antenna is obtained. 
The term voltage is applied to this type of feed because the section PS, 
which is considered as the feeder, is connected to the antenna proper 
at a voltage loop S. Since a voltage loop exists at point P on the feeder, 
it must be connected to a point of high voltage on the antenna-coupling 
circuit. Because there are currents in both the feeder and the antenna 


proper, both will have radiation fields, and therefore the angle between 


each should be about 90°. The feeder PS should be approximately a 
half-wave length long. However, small errors in the length of the feeder 
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may be corrected by adjustment of the capacitor in the coupling circuit. 
Larger errors must be compensated for by adding inductance or 
capacitance in series with the feeder. The advantage of this type of 
feed is its simplicity. The disadvantage lies in the fact that the feeder 
radiates. Since the feeder will usually by installed near absorbing 
objects such as trees and shrubbery, this radiation represents a loss. 

c. Another type of voltage feed is the Zeppelin (or Zepp) feed system 
(fig. 228). It will be noticed that the currents at X and Y in figure 
226 are opposite in phase to each other. If the wire in figure 226 is 
bent at S so that both halves are parallel to each other, the fields set up 
by the currents in each will be opposite in phase and any radiation will 
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Figure 228. Half-wave antenna with Zeppelin feed. 
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be cancelled. Such an arrangement can be used to feed an antenna, as 
shown in figure 228. The voltage is applied at a point corresponding 
to point S of figure 226, instead of at point P. Since point S is a point 
of high impedance, a parallel-tuned coupling circuit is used to provide 
high r-f voltage. The advantage of the Zeppelin feed is the reduction 
of radiation from the feeders with a consequent lowering of losses. 

d. A current-fed antenna is shown in figure 229, Sections HS and SP 
are each a quarter-wavelength long. Together they form a half-wave- 
length of wire. When voltage is applied at poimt P, voltage and current 
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“Figure 229. Current-fed antenna. 


loops will exist as shown in figure 229. Section P’S’ and S’H’ are also a 
quarter-wavelength long. Together they also form a half-wavelength of 
wire. When voltage is applied at P’, voltage and current loops will exist 
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as shown. Compare the voltage and current distribution of each halt- 
wave section with that shown on the half-wave section of figure 219. 
Sines the SP and S’P’ sections run parallel ‘to each other and the 
currents in each are opposite in direction, the fields created by these 
currents will oppose each other. This results in a cancellation of 
radiation from these sections, which act as feeders for the antenna 
sections ES and E£’S’. This type of feed is known as eurrent feed 
because the feeders connect to the antenna at points of high current, S 
and &’. Since voltage loops exist at points P and P’, a parallel-tuned 
coupling cireuit is used to apply voltage to these points. The length 
of the feeders may be extended to any multiple of the quarter-wave- 
length. However, on the even multiples, as shown by the broken lines, 
a series-tuned coupling cireuit should be used, because a high current 
exists at the ends e and e’ of the feeders and only a series-tuned circuit 


can efficiently supply this current. 


145. Nonresonant Feeders | 

a. Nonresonant feeders are also known as transmission lines, and their 
chief characteristic is that they are untuned. A nonresonant, or 
untuned, line is a feeder with negligible standing waves. Voltage ae 
current are smoothly distributed throughout. its length, though both 
taper off slightly towards the antenna end of the line as a result of 
losses in the feeder system. Physically, the line itself should be 
identical throughout its length. The termination at the antenna end 
is the only critical characteristic of the untuned feeder line. For proper 
oneration of a nonresonant feeder (with standing waves eliminated), 
some form of impedance-matching arrangement must be used bet ween 
the nonresonant line and the antenna proper, s0 that the radiation 
resistance (or impedance) of the antenna is reflected back into the 
feeder aS an impedance equal to the line impedance. It 1s important 
that the antenna be cut to exact size for resonance ; otherwise it will 
not present a pure resistive load to the nonresonant feeder ie. | 

b. A single-wire transmission line is shown In figu re 230. This 
untuned feeder depends on ground for its return cireutt, The imped- 
ance to r-f energy of a single-wire transmission lime 1s determined by 
the thickness of the wire and the distance above ground. A typical 
single-wire nonresonant line has an impedance of approximately 600 


ohms. For maximum power transfer from the coupling unit T' to the. 


antenna (fig. 230), the feeder wire should be connected to the coupling 
cireuit at some point such as A, and to the antenna at some point such 
as B, where the impedance of both points is equal to the impedance of 
the transmission line. Figure 224 shows that the impedance of an 
antenna varies from a maximum (at the ends) toa minimum of about 
73 ohms (at the center). In figure 930, the point B is located approxt- 
mately 14 percent of a half-wavelength off the center of a half-wave 
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antenna. A practical point for operation can be determined by multi- 
plying the length of a half-wave antenna in feet by the constant 1.71. 
The resultant figure will be the distance in inches from the center C. As 
an example, assume that the length SP equals 100 feet; CB would then 
equal 100 x 1.71, or 171 inches. The exact location of points A and B 
are then found by experiment. The exact point is arrived at when the 
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Figure 230. Half-wave Hertz antenna with single-wire 
transmission line. 
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standing waves on the feeder are minimum. The presence of standing 
waves can be detected by means of an absorption-type wavemeter 
brought close to the feeder. An absorption type wavemeter is simply 
a tuned circuit and an r-f meter, or a flashlight lamp, for indicating 
the presence of radio frequencies. 

c. A two-wire transmission line has an impedance which depends 
on the thickness of the two wires and the distance between them. When 
using the two-wire transmission line type of feeder, connection is made 
to points on both the antenna and the coupling circuit where the 
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Figure 281. Half-wave Hertz antenna with two-wire 
transmission line. 


impedance matches the impedance of the transmission line. Such an 
arrangement is shown in figure 231. When properly matched, no 
standing waves will exist along the feeders. The adjustment of this 
type of transmission line is extremely critical, and such an antenna 
system can be used only on a single frequency. This method of feed 
is sometimes called a two-wire, matched-impedance system. 

da. The coaxial cable is another type of transmission line. It consists 
of two concentric conductors, one located inside the other and insulated 
from it (fig. 232). The r-f impedance of coaxial cables is low (usually 
about 75 ohms), and is determined by the diameters of the two con- 
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ductors and the distance between them. A Marconi antenna fed by 
- means of a ceaxial cable is shown in figure 233. This method is oceasion- 


Ohne 


CONDUCTORS 


T6395 


INSULATING SPACER 


Figure 232. Construction of coaxial cable. 


ally used where the antenna is separated from the transmitter, and any 
radiation from the feeders would be detrimental. The outer conductor 
of the coaxial cable is connected to the low side of the coupling circuit 
and grounded. The inner conductor connects the lower end P of the 
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Figure 283. Marconi antenna fed by coaxial cable. 


vertical antenna to the coupling circuit. The coupling circuit is series- 
tuned because a high current is necessary at point E 

e. A twisted-pair transmission line is a two-wire line composed of 
twisted rubber-covered wire constructed to have an impedance approxi- 
mately equal to that at the center of the antenna itself. The method 
of connecting this untuned transmission line to the antenna is shown 
in figure 234. Any discrepancy which may exist between the line 
impedance and the antenna impedance may be compensated for by a 
slight fanning of the line where it connects to the two halves of the 
antenna (fig. 234). The twisted line is a convenient type to use, since 
it is easy to install and the r-f voltage on it is low, owing to the low 
impedance of the line. This makes insulation an easy matter. The 
antenna proper should be one-half wavelength long for the frequency 
of operation. The amount of fanning (dimension B of fig. 234) will 
depend upon the kind of cable used; the right value usually will be 
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Figure 234. Half-wave Hertz antenna with twisted-pair 
transmission line. 
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found to be between 6 and 18 inches. It may be checked by inserting 
ammeters in each antenna leg at the junction of the transmission line 
and the antenna, and the value of B which gives the largest current, 18 
correct. Or else, the system may be operated continuously for a time 
with fairly high r-f power input, after which the feeder may be 
inspected (by touch) for hot spots. These indicate an improper imped- 
ance match, and the fanning should be adjusted until they are 
eliminated or minimized. Each leg of the feeder forming the triangle 
at the antenna should be equal in length to dimension B. 


146. Methods of Coupling 


a. Coupling is used to connect the transmitter output to the feeder 
or transmission line. If there is no transmission line, coupling is used 
to connect the transmitter output directly to the antenna. Coupling 
serves to isolate the transmission line and the antenna from the large 
d-c potentials at the output of a transmitter. Coupling devices are 
also used to tune to resonance the circuits they connect. For this purpose 
they are generally provided with one or more variable elements, such 
as variable capacitors or variable inductors. Finally, coupling devices 
provide a means for varying the coupling between the circuits, and 
therefore can be used for impedance matching so that a maximum 
power transfer from the transmitter to the antenna is accomplished. 
There are several methods of coupling between the transmitter and 
the feeders, or transmission lines. 

b. The simplest coupling method for a single-wire-fed or end-fed 
Hertz antenna is by means of direct coupling (fig. 235). In direct 
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Figure 235. Direct-coupled antenna. 


coupling the antenna system 1s attached directly to the plate tank coil. 
Because d-c voltage is present in the plate tank circuit, a small capacitor 
should be connected in series with the antenna feeder, as shown. This 
prevents the antenna from being at a high d-e voltage, which would 
endanger human life. The point at which the connection on the plate 
tank coil is made should be carefully considered. The plate tank coil has 


a zero r-f voltage point (node) either at the center or at one end, depend- 


ing on the type of amplifier used. The point of zero r-f voltage occurs 
at the center of the coil in a push-pull amplifier as well as in a plate- 
neutralized amplifier. The voltage node occurs at the lower end of the 
coil, both in the case of a single-ended amplifier and a grid-neutralized, 
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single-ended amplifier. If the tap is too close to the voltage node, the 
antenna will not sufficiently load the amplifier. If the tap is too close 
to the plate end of the coil, excessive loading will result, accompanied 
by overheating of the tube and reduced efficiency. This type of coupling 
has an additional disadvantage in allowing harmonics which exist in 
the tank circuit to be radiated by the antenna. 

c. A second system of coupling is inductive coupling, accomplished 
by the use of transformer action (fig. 286). In this system, a tuned 
circuit is inductively coupled to the plate tank circuit. It is advisable 
in this type of coupling to locate the antenna-coupling coil at a point 
of low r-f voltage, in order to prevent capacitive coupling between the 
tank circuit and the antenna coupling circuit, This system prevents 
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Figure 236. Inductively coupled antenna. 


the antenna from being at a high d-c voltage. At the same time, it is 
more selective and reduces the amount of harmonic radiation from the 
antenna, since the antenna-coupling circuit is tuned. Another method of 
inductive coupling is shown in figure 237, where a current-fed vertical 
Marconi antenna, as used in the BC-191 transmitter, is coupled to the 
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Figure 237. Inductively coupled Marconi antenna with loading circuit. 


transmitter tank circuit. Coupling to the antenna is at the point nearest 
ground, where there is a high current. Therefore, this type of feed is 
known as current feed. The adjustable inductance and capacitance 
within the dotted-line block are for the purpose of loading; this allows 
for adjustment of the electrical length of the antenna to the proper 
wavelength or frequency being transmitted. Inductive coupling is the 
most widely used method of coupling, and is employed in a number of 
Army radio sets. 

d. A third system, similar to inductive coupling, is known as link 
coupling. This method of coupling is employed in high-power trans- 
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mitters where the antenna tuning unit is remote from the transmitter. 

A typical circuit is shown in figure 238. The lnk between the trans- 

mitter and the antenna unit consists of a few turns of wire in or around 
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Figure 238. Link-coupled antenna. 


the plate tank and the antenna-coupling coil. Approximately two or 
three turns of wire are required on the link. The exact number is best 
determined experimentally. The links in this inductive-coupling method 
are placed at the low r-f voltage side of the coil, in order to prevent 
capacitive coupling and its harmful effects. | 


147. Antenna Tuning Systems 


Four typical antenna tuning units are shown in figure 239. In @ 
the transmitter feeds the antenna system at a point of high voltage, and 
can be made to match a transmitter output into a very short antenna. 
In @) the transmitter feeds the antenna system at a point of high 
current, and will provide the proper antenna loading for a long 
antenna. The arrangements of @) and @) provide antenna loading for 
use with a short antenna, such as the short mast antenna of the buggy- 
whip variety mounted on vehicles. 
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Figure 289. Antenna tuning wits. 
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148. Directive Properties of Antennas 


a. No antenna radiates energy equally well in all directions. There are 
several reasons for this: first, there is no radiation end-on to a straight 
wire; second, the waves reflected back from the ground produce inter- 
fering fields which may help or hinder the normal direct radiation ; 
third, if there is more than one current loop in the radiator, the total 
radiation may be regarded as the resultant of a number of components, 
one from each standing-wave current loop. Finally, in any given 
direction these various components may have to travel different dis- 
tances and, therefore, may not arrive at the receiver in the same 
relative phase that they had in the radiating wire. They can, therefore, 
augment or cancel each other according to the direction. For these 
reasons antennas are said to be dzrective. 

b. Directive antenna systems can be constructed in two ways: first, 
by combining a number of half-wave antennas, and second, by taking 
advantage of the known directive properties of long wires and building 
up combinations of these. In either case the component parts are fed 
in such a way that the signals add in the favored direction and tend 
to cancel in other directions. The signal intensity in the desired direc- 
tion, and the sharpness of the resulting beam of radzation, increase with 
the size and complexity of the system. A number of half-wave resonant 
elements, combined in such a way that the components of radiation 
from each of the elements add in the favored direction and interfere 
in most other directions, is known as a beam-array antenna system. 


149. Propagation of Radio Waves 


a. As shown in figures 219 and 226, the current along an antenna 
is not uniform, but is maximum at the center and minimum at the ends 
of each half-wavelength of wire. This current sets up disturbances in 
the space surrounding the antenna. Such disturbances, or radio waves, 
are propagated with the speed of light, and can be refracted or reflected 
much the same as hght waves. Since the current is greatest at the 
center of the halt-wavelength antenna, maximum radiation takes place 
from this point and practically no radiation occurs at the ends. If a 
half-wave antenna were located in space, entirely free from the influence 
of the earth, this radiation would be maximum at right angles to the 
antenna, and would completely encircle it. If it were possible to see 
this perfect radiation pattern, it would resemble a doughnut in shape 
with the antenna wire passing through the center. If it were possible 
to cut this doughnut in half, the pattern would appear as indicated in 
figure 240. Notice that maximum radiation takes place in a line perpen- 
dicular to the center of the antenna, and that as the angle decreases 
from 90°, the radiation also decreases. Such a perfect radiation pattern 
is only of use in illustrating the origin of radio waves; it would never 
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Figure 240. Perfect radiation pattern of half-wave antenna, 


be found in practice, because radio antennas are operated relatively 
close to the earth. The actual radiation pattern of the half-wave antenna 
is of an entirely different character, since it is distorted by the reflecting 
effects of the earth and the sky. These effects will vary considerably, 
depending upon the height of the antenna above ground, solar condi- 
tions, and other factors. | 

b. A simple transmitting antenna radiates r-f waves in nearly all 
directions, though the strength of the waves may be greater in certain 
directions and at certain angles above the ground. Part of the radiated 
energy travels along the surface of the earth and is called the ground 
wave. In traveling over the surface of the earth, this ground wave is 
rapidly attenuated or diminished, and for consistent communication 
is reliable only up to a range of 10 to 35 miles. The remaining portion 
of the radiated energy from the antenna is sent up at an angle above 
the horizon, and is called the sky wave. This energy is partly returned 
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Figure 241. Ground wave and reflection of sky waves 
from the ionosphere. 
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to earth by the reflecting effect produced by layers of free electrons 
that exist 70 to 250 miles above the earth’s surface. These ionized 
layers, known as the ionosphere, can reflect or retract some of the 
sky waves back toward the earth, and so produce a radio signal at points 
distant from the transmitting antenna. Figure 241 illustrates the 
ground wave and the action of sky waves ‘emanating from a trans- 
mitting antenna. | 
c. The amount of bending of the sky wave by the ionosphere will 
depend upon the frequency of the wave and the amount of ionization 
in the ionosphere, which in turn is dependent upon radiation from the 
sun. The sun increases the density of the ionosphere layers and lowers 
their effective height. Other solar and magnetic disturbances also 
produce changes in these layers. For these reasons radio waves act 
differently at different times of the day, at different seasons of the 
year, and over different places on the earth’s surface, The higher the 
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Figure 242. Critical angle of sky wave propagation. 


frequency of a radio wave, the farther it penetrates the ionosphere, and 
the less it tends to be bent back toward the earth. At low radio fre- 
quencies the sky waves are bent more easily, and fewer penetrate the 
ionosphere. | 

d. As the direction of a radio wave from the earth approaches the 
vertical, a critical direction 1s reached. If the direction of the wave 
ig more vertical, it penetrates the ionosphere. The angle between this 
critical direction and the vertical, through the point where the wave 
meets the ionosphere, is called the critical angle (fig. 242). Sky waves 
that strike the ionosphere at angles less than the critical angle penetrate 
the layer of ionization and never return to earth. Sky waves that 
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strike the ionosphere at angles greater than the critical angle are 
reflected back to earth (fig. 242). . 

e. Sky waves that strike the ionosphere at the critical angle are 
returned to earth at a distance from the transmitter known as the skip 
distance (fig. 243). The sky waves will not return to earth at points 
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igure 248. Skip distance. 


closer than this distance. Skip distances of several hundred miles are 
quite common at the higher frequencies. The portion of the sky wave 
that is reflected back to earth does not come straight down, but is 
reflected at an angle that corresponds to the angle at which that par- 
ticular wave strikes the ionosphere (fig. 243). The sky wave, after being 
reflected from the ionosphere, strikes the earth, and may be reflected 
back from the earth, and may again be reflected from the ionosphere. 
This process continues until the radio wave is completely absorbed. 

f. The greater the frequency of the sky wave, the greater the critical 
angle and the greater the skip distance. When the sun is directly over- 
head, the density of the ionosphere is greatest. This condition decreases 
the skip distance. For this reason, also, the skip distance is less in 
daytime than at night. Seasonal changes in the ionosphere position 
and changes resulting from sunspot activity also are factors in deter- 
mining the skip distance. 

g. Part of the energy of the sky wave is absorbed by the ionosphere. 
Absorption in the daytime is greater for lower frequencies. Therefore, 
the higher the frequency the stronger the signal. However, there 1s an 
upper limit to the frequency which can be used, since the skip distance 
also Increases with frequency. 

h. It is possible that there may be a gap between the most distant 
point reached by the ground wave and the point where the sky wave is 
first reflected back to earth. Such a condition is shown in figure 244. This 
gap is known as the skip zone, and is responsible for the condition 
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that exists when a signal is received at a great distance from the trans- 
mitting antenna while an operator whose receiver may be nearer the 
transmitter cannot hear the signal. Care must be taken not to use a 
transmitting frequency which will locate the receiving station in the 
skip zone. 

i. A r-f wave leaving an antenna will have a definite polarization. 
The direction of the electric component of the radiated wave is in the 
same plane in which the wire lies, and in radio work it is usual to say 
that the wave is polarized in this plane. Thus, the radiation from a 
vertical antenna is said to be vertically polarized, while the broadside 


radiation of a horizontal antenna is said to be horizontally polarized. 


j. When an antenna is in the vertical position, there will be an equal 
amount of radiation in a horizontal plane (parallel with the earth's 
surface) in all directions from the antenna. But when the antenna is 
set horizontally, the greatest radiation will be upward. The radiation 
along the ground will be greatest broadside to the antenna. 


150. Fading 


a. The random rising and falling of the intensity of a received radio 
signal, known as fading, can be attributed to the interaction of different 
components of the same radiation which, by virtue of having traveled 
different paths from the transmitter, arrive at the receiver with varying 
phase relations, thus tending to either cancel or reinforce each other. 
Qince the condition of the ionosphere is continually changing, the 
several components of the received wave may reinforce each other, to 
cause a very strong signal at one instant, while at a later instant their 
phase relations may be such that the combined effect produces a very 
weak signal. 
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Figure 245. Fading caused by arrival of ground wave and sky wave 
at the same point (RK) out of phase. 


b. One common cause of fading due to the interaction of two parts 
of the same radio wave is shown in figure 245. At a certain distance 
(R) from the transmitter, both the ground wave and the sky wave may 
be received. Since these waves travel different paths, it is possible 
that they may arrive out of step (out of phase) with each other. When 
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Figure 246. Fading caused by arrival of two sky waves at the 
same point (RK) out of phase. 


this happens, the two waves tend to neutralize (cancel) each other at 
point R (figure 245). Another common cause of fading is the inter- 
action of the components of a single sky wave. In this case, the various 
components will reach the receiver (#) with varying phase differences, 
thereby resulting in a continuously varying signal (fig. 246). Violent 
changes in the ionosphere, known as an 1onosphere storm, may also cause 
severe fading, especially of frequencies higher than 1,500 kilocycles. 
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These disturbances may last as long as several weeks and are caused 
by vigorous sunspot activity. | 

c. The most common method of overcoming objectionable fading is 
to increase the power of the sending transmitter. The use of automatic 
volume control in the receiver will compensate for minor changes in 
signal intensity. Another method used to overcome fading at fixed 
receiver sites is known as diversity reception. In this case, two or more 
recelving antennas are spaced some distance apart, both feeding into 
the same receiver. Thus, if fading occurs in one, the other antenna may 
still receive the loud signal. | 


151. Effect of Frequency on Wave Propagation 


a. At low frequencies (30 to 300 kilocycles) the ground wave is 
extremely useful for communication over great distances. Since the 
ionosphere is not depended upon at these frequencies, the signals are 
quite stable and show little seasonal variations. At greater distances the 
sky wave becomes of more importance than the ground wave, and is 
fairly reliable if suitable frequencies are selected. 

b. In the medium-frequency band (300 to 3,000 kilocycles), the range 
of the ground wave varies from about 15 miles at 3,000 kilocycles to 
about 400 miles at the lower frequencies of the band. Sky-wave reception 
is possible during day or night at any of the lower frequencies in this 
band, but the daytime absorption of the sky wave increases with 
increases in frequency up to 1,400 kilocycles. Beyond this point the 
absorption decreases with increases in frequency until the very-high- 
frequency (v-h-f) band is reached. Therefore, at the higher frequencies 
of the medium-frequency band, daytime sky-wave reception is not 
possible, owing to high absorption. At night, however, the sky wave 
gives reception at distances up to 8,000 miles. | 

c. In the high-frequency band (8 to 30 megacycles), the range of the 
eround wave decreases with increase of frequency. Sky waves in this 
range of frequencies are mostly governed by ionospheric considerations. 
At night there may be a skip zone for frequencies as low as 3 megacycles, 
and frequencies above 8 to 10 megacycles will penetrate the ionosphere at. 
all angles. In the daytime, however, the ionospheric conditions are 


different. Frequencies of about 3 megacycles will be too heavily absorbed | 


in the daytime to be of much value at any distance. For short distances, 
up to a few hundred miles, frequencies between 5 and 10 megacycles 
will skip in the daytime. For long distances, however, frequencies from 
15 to 30 megacycles may be used, depending upon the many ionospheric 
variables previously mentioned. | 

d. In the lower frequencies of the very-high-frequency (v-h-f) band 
(30 to 300 megacycles), there is no usable ground wave and only shght 
reflection of sky waves by the ionosphere. Communication is successful 
if the transmitting and receiving antennas can be elevated sufficiently 
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above the surface of the earth to allow the use of a direct wave (a sky 
wave that has not been reflected). Owing to sporadic conditions in the 
ionosphere, transmission over any great range is possible only for short 
periods of time. 

e. In the ultra-high-frequency (u-h-f) band (300 to 3,000 megacycles, 
and above), the direct wave must be used for all radio transmissions, 
and communication is limited to a short distance beyond the horizon. 
Lack of static and fading in these bands makes line-of-sight reception 
very satisfactory. Highly directive antennas can be built into small 
spaces to concentrate r-f energy into a narrow beam, thus increasing 
the signal intensity. | 


152. Dummy Antennas 


When testing radio transmitting equipment within many miles of a 
combat zone, it 1s not permissible to use a radiating antenna, since 
this would not only divulge the location of the transmitter to enemy 
direction finders, but would also clutter up the air with unnecessary 
signals. To eliminate the possibility of unauthorized signals going on 
the air, a dummy antenna is used. This device will act as a load for the 
transmitter without radiating a signal. Dummy antennas consist of a 
capacitor of sufficient capacitance to pass the required transmitter r-f 
output, and a resistor large enough to absorb this energy and dissipate 
it in heat. These elements are connected in series across the trans- 
mitter output terminals. Dummy antennas used for test purposes 
usually have several capacitors in series, and are tapped at various 
values so as to approximate the capacitive reactance required to cover 
a wide band of frequencies. 


153. Receiving Antennas 


Any good transmitting antenna is also a good receiving antenna, 
especially when receiving the frequency for which it is designed. 
Because of this fact most Army radio sets employ the same antenna for 
both transmission and reception. In many cases, good reception may be 
obtained with a makeshift antenna, owing to the strong signal existing 
at the point of interception. However, the more accurate the design and 
construction of the receiving antenna, the better will be the reception. 
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SECTION XV 


VERY-HIGH-FREQUENCY COMMUNICATION 


154. General Characteristics of v-h-f Waves 


a. The term very-high-frequency relates to those frequencies of the 


radio spectrum lying between 30 megacycles and 300 megacycles, or, 
expressed in wavelengths, from 10 meters to 1 meter. Radio trans- 
missions of many types are common in the y-h-f band, chiefly because of 
the absence of atmospheric disturbances and the general stability of 
transmissions at these frequencies. 

b. V-h-f waves, in general, are not regularly returned to the earth at 
great distances. Normal communication by means of very high fre- 
quencies is best within the line-of-sight range, but will, in general, be 
possible up to two or three times this distance because of atmospheric 
refraction. Communication over much greater distances, far beyond 
the horizon, is occasionally possible as a result of unusual atmospheric 
or ionospheric conditions, but v-h-f radio systems are seldom used for 
army ground purposes when the distance between transmitter and 
receiver antennas is more than 380 miles. Airborne equipment, because 
of favorable elevation, is often capable of useful work of several times 
these ranges. | 


[55. Propagation of v-h-f Waves 


a. For frequencies above about 30 megacycles, the bending of the 
waves in the normal ionosphere layers is so slight that the sky wave 
plays no important part in communication. Moreover, the ground-wave 
range also is extremely limited because of high absorption in the ground 
at these frequencies. The r-f energy from the transmitting antenna is 
radiated in a dtrect wave through the atmosphere to the receiving 
antenna. The transmitting and receiving points should be sufficiently 
high to provide such a transmission path. In calculating y-h-f range, 
the curvature of the earth as well as the intervening terrain must be 
taken into account. 

b. The height of the antennas determines how far apart they may be 
located and still receive the v-h-f signal. The v-h-f horizon distance 
can be calculated by a simple formula. This formula is strictly accurate 
only over water, or when the intervening ground is almost level, but it 
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Figure 247. Method of determining total line-of-sight distance when both 
transmitter and receiver are elevated. (Direct ray path will be 
the sum of the two horizon distances, S, and 8.) 


serves as a useful guide in less ideal conditions. When the height in feet 
(H) of a transmitting antenna above ground level is known, the dis- 
tance to the v-h-f horizon in miles can be found from this relation: 


S (v-h-f horizon distance) — 142 VH 


The v-h-f horizon distance found by the above equation assumes that 
the distant receiving antenna it a ground level. (See app. III.) When 
the distant receiving antenna is elevated, as is more often the case, 
the total v-h-f path is the swum of the two v-h-f horizon distances for each 
of the antennas, as computed by the above formula. In other words, 
the total v-h-f distance from tower H, to tower He (fig. 247) becomes— 


8, + S,=142 VA, +142 Vi. 


c. Under certain meteorological conditions, the range of transmission 
of v-h-f waves is sometimes very great, owing to an increased refraction 
in the troposphere (lower atmosphere). V-h-f transmissions at dis- 
tances up to 600 miles have been observed under these unusual con- 
ditions. But such conditions are rare and cannot be depended upon 
for consistent and reliable communication. | 

d. V-h-f waves readily show the effects of polarization, particularly 
when the direct wave is used for local communication. Thus, if a 
horizontal dipole antenna is used at a transmitting set, it will be 
necessary to use a similar horizontal antenna at the receiver for 
optimum results. Similarly, a vertical antenna will radiate vertically 
polarized waves, which will require the use of a vertical receiving 
antenna. 


156. Circuit Elements at Very High Frequencies 


a. The circuits used at very high frequencies are much the same in 
technical theory as the circuits used at any of the lower communication 
frequencies, but the physical constructional features become more 
important as the frequency increases. This is because the physical 
dimensions of the v-h-f circuits become comparable with the wavelength 
of the v-hf signal passing through the circuits. Standing waves 
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within the circuit are common, with the result that the currents and 
voltages are not of the same magnitude at one point in a conducting 
wire as they are at another point. 

b. At the very high frequencies, the size and relative location of 
every component of a transmitter or receiver is of importance. There 
is some capacitance present between every point on a wire and the 
components which surround it. The distributed inductance and capaci- 
tance of every wire and component has an effect upon the operation 
of the v-h-f circuit as a whole. Often a single, short, straight wire can 
be used in place of a coil and capacitor to tune a v-h-f circuit, since it 


possesses the necessary distributed inductance and capacitance. All 


parts of the v-h-f circuit at high r-f potential must be well insulated. 
c. As the frequency of a current in a conductor increases, the current 
tends more and more to travel on the outside of the conductor, and at 


_ very high frequencies the current travels entirely on the surface of the 


conductor. This is known as skin effect. The resistance can only be 


kept down by employing conductors with very large surface areas, . 


such as copper tubing. Quarter-wave concentric (coaxial) tubing 
units are often used as tuning circuits at the very high frequencies. 


157. Vacuum Tubes at Very High Frequencies 

a. As the frequency is increased to the order of two hundred million 
eycles per second, the time for electrons to travel from the cathode to 
the plate in a vacuum tube becomes an appreciable part of one complete 
cycle, A voltage on the control grid of the tube may change the 
number of electrons flowing to the plate, but this change will not affect 
the plate current until some time later. Therefore the transit time of 
the electrons can be thought of as the equivalent of an inductive lagging 


effect in an ordinary circuit. The tube interelectrode capacitances 


(between elements of the tube) also become of serious importance at 
very high frequencies. To eliminate both of these objectionable limiting 
effects present in all ordinary vacuum tubes at very high frequencies, 
special vacuum tubes have been developed. The “acorn” and “doorknob” 
tubes are examples of this type. The most suitable vacuum tubes for 
v-h-f use are those having low interelectrode capacitance, close spacing 
of the electrodes to reduce transit time, a high amplification factor, 
and a low or medium optimum value of load impedance. While some 
of these requirements are necessarily conflicting, tubes have been 
produced which are well adapted for v-h-f operation. 

b. In considering transmitter vacuum tubes for v-h-f use, it 1s 
necessary to take into consideration factors which are negligible at 
lower frequencies. Because of the flow through the tube elements of 
heavy charging currents at v-h-f, there is a risk of lead heating, and 
the tube efficiency is reduced because of transit time and impedance 
losses. Further, the circuits usually constitute a rather heavy load for 
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the individual v-h-f tubes. For these reasons, ordinary tubes have to 
be run at considerably reduced grid and plate voltages (resulting in 
even lower efficiency). Triode transmitting tubes are very difficult to | 
neutralize. Pentodes at very high frequencies have the disadvantage 
of having very high input capacities. 


158. Concentric-line Tuned Circuits 


At extremely high frequencies, it is difficult to obtain a satisfactory 
amount of selectivity and impedance from an ordinary coil and capaci- 
tance used as a resonant circuit. At these frequencies, quarter-wave- 
length sections of concentric transmission lines are not only better, but 
also are of practical dimensions. Full quarter-wavelength lines will 
resonate regardless of the ratio of diameter to conductor spacing, 
and they can be tuned (if not loaded with capacity) by substituting a 
variable capacitor for the shorting bar or disk. 


159. V-h-f Receivers 


a. The reception of signals in the very-high-frequency band (30 to 
300 megacycles) is accomplished by any one of three different types of 
receivers, depending on the frequency to be received. The super- 
heterodyne is used almost universally on frequencies below 60 mega- 
eycles (5 meters), because of its stability and selectivity. Although 
superheterodynes can be built to operate as high as 100 megacycles 
(3 meters), the superrengenerative type of receiver is much more 
widely used, and above 100 megacycles (8 meters) it is used almost 
exclusively. The third type of receiver uses tuned concentric lines and 
special v-h-f vacuum tubes for the reception of wayes at and above 
300 megacycles (1 meter). 

b. The general circuit for the v-h-f superheterodyne is similar to 
that for the superheterodyne used at lower communication frequencies, 
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Figure 248. Block diagram of typical v-h-f superheterodyne. 


with a slight modification to increase the selectivity. The block 
diagram of a typical v-h-f superheterodyne, designed to operate on 
about 60 megacycles (5 meters), is shown in figure 248. The incoming 
v-h-f signal is amplified and applied to the mixer stage. A locally 
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generated oscillation is mixed with the signal, and the result is an 
intermediate frequency of about 10 megacycles. Since high selectivity, 
however, cannot be obtained with a reasonable number of circuits at 
10 megacycles, this frequency is further amplified and fed to a second 
mixer. A second oscillator-mixer combination produces a second inter- 
mediate frequency of about 465 kilocycles, which is then acted upon in 
the conventional manner. Thus, the v-h-f superheterodyne has two 
intermediate frequencies. Amplification takes place at both before the 
signal is finally rectified and changed to audio frequency. The unit 
containing the first mixer, oscillator, and r-f amplifier stages 1s known 
as a converter, since it converts the v-h-f input signal into a lower r-f 
signal which can be handled by a normal superheterodyne receiver. 

c. Superregenerative receivers are used for the reception of very 
high frequencies from 100 megacycles (3 meters) to 300 megacycles 
(1 meter). These receivers are of two types. In the first, the quenching 
voltage is developed by the detector tube itself; in the second, a separate 
oscillator tube is used to generate the quenching voltage. The super- 
regenerative receiver has the advantage of good sensitivity, but its 
selectivity does not compare with that of the superheterodyne. The 
superrengenerative receiver is particularly well suited for portable 
equipment which must be kept as simple as possible. 

d. Receivers for operation at 300 megacycles (1 meter) and higher 
reauire vacuum tubes of special design, and resonant (linear) con- 





| 


R-F INPUT r1- 6919 


Figure 249. Receiver using quarter-wave concentric line 
in tuning circuit. 


centric lines in the r-f tuned circuits. The circuit diagram for a typical 
receiver of this type is shown in figure 249. A quarter-wave resonant 
concentric line is used as the grid-tuning circuit of a simple r-f detector 
stage. An h-f “acorn” tube is used as the detector in this stage. 


160. V-h-f Transmitters 


a. The oscillator circuits used in v-h-f transmission are all based on 
the fundamental oscillator types discussed in section X, although they 
may be modified considerably to compensate for any inherent capaci- 
tance and inductances which might be negligble at lower frequencies. 
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Vacuum-tube interelectrode capacitance becomes of increasing im- 
portance at very high frequencies, and the highest possible frequency 
to which a tube can be tuned is limited by the shortest possible straight- 
wire connection between the tube elements, as well as by the effect of 
other internal leads and the interelectrode capacitance in the tube. 
The tube usually will not oscillate up to this limit, however, due to 
other losses in the tube, and loading effects. With small radio tubes of 
ordinary construction the upper mit of oscillation is about 150 mega- 
cycles (2 meters). In order to obtain oscillations at higher frequencies, 
it ig necessary to use specially constructed v-h-f tubes having a low 
interelectrode capacitance and low internal lead inductanee. These 
special tubes are capable of developing oscillations at frequencies of 
300 megacycles (1 meter) and higher. 

b. Ordinary coil-and-capacitor tuned cireuite are seldom used at 
frequencies above 100 megacycles (3 meters), and are replaced by 
linear tuned circuits. These linear tuned circuits are usuatly a quarter- 
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Figure 250. Tuned-grid tuned-plate v-h-f oscillator using concentric 
line as resonant tank of grid circutt. 


wave in length, but can be any multiple of that length without affecting 
the resonant properties of the resonant circuit. A typical v-h-f oscil- 
lator is shown in figure 250. This oscillator is a tuned-grid, tuned-plate 
oscillator with a tuned concentric line replacing the usual coil-and- 
capacitor grid tank circuit. The circuit of figure 250 is tuned by means 
of varying the position of a sliding piston at the shortened end of the 
tuned concentric line. 

c. At very high frequencies stabilized oscillators may be coupled 
directly tc the antenna for c-w transmission. Master oscillators are 
generally used to drive modulated amplifiers. The driving power 
required by an amplifier may be quite high, if there are leads of any 
appreciable length from the grid or plate to any tuning capacitor other 
than the one used as a shorting bar, or if the capacitor has a long 
inductive path through its frame. The returns from these circuits to 
the cathode are important, especially in single-ended stages, and should 
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never be moved from their original position. Any lead inductance can 
be reduced somewhat by using copper ribbon for connections, instead 
of smaller wire. This will also overcome skin effect. 

d. Both in transmitters and receivers, regeneration or oscillation 
often results from the use of cathode bias not adequately bypassed for 
very high frequencies. Ordinary bypass capacitors have considerable 
inductance, which, combined with their capacitance, may introduce a 
sizable reactance into the circuit. 

e. Inductance and capacitance properties of a straight length of 
wire are not particularly troublesome at the lower radio frequencies. 
When working with very high frequencies, however, the inductance and 
capacitance of even the shortest length of wiring may represent a large 
part of the total inductance and capacitance of the individual circuits. 
The wiring must, therefore, be made as short as possible. This important 
fact must be kept in mind when replacing parts in any v-h-f circuit. 


161. V-h-f Antenna Systems 


a. The nature of v-h-f propagation calls for two requirements in 
v-h-f antennas. The first is that the antenna should be elevated as 
much as possible. At these frequencies, antenna height is of more 
importance than low-angle radiation. The second requirement is that 
both transmitting and receiving antennas must be in the same plane, 
either vertical or horizontal, for maximum signal strength. Althuogh 
vertically polarized waves (from a vertical radiator) are more com- 
monly used, horizontally polarized waves are generally preferable for 
long distance transmissions. The antenna system for both transmitting 
and receiving should be as high above the earth as possible, and clear 
of any nearby objects. 

b. Transmission lines, consisting of concentric lines, or spaced two- 
wire lines, can be used to couple the antenna system to the transmitter 
or receiver. Nonresonant feeder lines are more efficient at very high 
frequencies than those of the resonant type. 

c. Insulation is of prime importance at very high frequencies. Many 
insulators that have very low losses at frequencies as high as 30 mega- 
cycles (10 meters) break down completely at frequencies above 100 
megacycles (3 meters). Even low-loss ceramic insulators are not satis- 
factory at ultra high frequencies when the r-f voltage is high. One of 
the best and most practical u-h-f insulators is polystyrene. It is 
common practice to design v-h-f antenna systems so that the various 
radiators are supported only at points of relatively low voltage. Since 
the normal voltages on untuned feeder lines are not high, the type of 


“insulation is not eritical. 
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SECTION XVI 


CATHODE-RAY TUBE 


TO 


162. Cathode-ray Tube 


a. This is a special type of vacuum tube in which the electrons 
emitted from a cathode move at a very high velocity, are formed into a 
narrow beam, and then strike a chemically prepared screen which 
fluoresces, or glows, at the point where the electron beam strikes. Since 
the narrow beam of moving electrons is negative in polarity and has 
practically no weight or inertia, it can be easily deflected by a positive 
charge. This positive charge, which can be either electromagnetic or 
electrostatic in character, is applied to the beam by means of deflecting 
plates, usually located inside the tube. Since electrostatic deflection is 
more commonly used in modern cathode-ray tubes, this type of deflection 
will be assumed throughout this discussion. 

b. The construction of a typical cathode-ray tube is shown in the 
pictorial diagram of figure 251. The cathode releases free electrons 
when heated by the enclosed filament. A cylindrical erid surrounds 
the cathode and controls the beam intensity by controlling the number 
of electrons that pass through the end opening of the grid. This control 
action is accomplished by varying the negative voltage on the grid. 
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Figure 251. Simplified construction of typical cathode-ray tube. 


After leaving the grid, the electron stream passes through two or more 
eylindrical anode focusing plates, which concentrate and focus the 
electrons into a narrow beam. The anode plates, A; and Ag» (fig. 251), 
are representative of one type of focusing arrangement. Other types 
and shapes are used in various cathode-ray tubes, but their effect on 
the stream of electrons is identical in function. Referring again to figure 
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251, the first anode, Ai, concentrates the free electrons into a beam, 
while the second anode, As, accelerates their velocity. The electrodes 
described up to this point constitute the electron gun, which produces 
free electrons and then projects them in a slender, concentrated, rapidly 
moving beam on the fluorescent viewing screen at the end of the tube. 

c. The electron gun alone produces only a small spot on the screen. 
When, however, the beam of electrons 1s deflected by either electro- 
static or electromagnetic fields, the spot moves across the screen in 
proportion to the force exerted by the deflecting field. When the motion 
of the electron beam is sufficiently rapid, the persistence of vision makes 
the path, or trace, of the moving spot appear to be a continuous line. 
The more common cathode-ray tubes employ the electrostatic deflection 
of one pair of plates to exert a force on the beam in a vertical plane, 
and the deflection of another pair of plates to exert a force in the 
horizontal plane. These deflecting plates are designated as vertical and 
horizontal plates, respectively (fig. 251), and are mounted at right 
angles to each other. The electrostatic fields are created by applying 
suitable voltages between the two plates of each pair. One plate of each 
pair usually is connected to the second anode of the electron gun to 
establish the proper polarities of the fields with respect to the beam and 
with respect to the other. Thus, to move the electron beam, it is only 
necessary to apply a positive or negative voltage (with respect to 
ground) to one of the ungrounded, or free, deflecting plates. If the 
voltage is positive with respect to ground, the electron beam will be 
attracted by the deflecting plate; if negative it will be repelled. The 
amount of deflection is directly proportional to the voltage applied to 
the free deflecting plate. 

d. The fluorescent screen consists of certain chemicals deposited on 
the inside wall at the end of the tube. When this chemical coating 1s 
struck by the fast-moving electron beam, it emits a green, white, blue, or 
yellow light, depending upon the sereen material. After the impact, the 
emission of light persists for a brief interval, usually only a fraction of 
a second. The persistence of a cathode-ray tube screen is the time 
duration of the afterglow, which exists after the electron beam has 
been removed. Screens are classified as being of long, medium, or short 
persistence. They are also classified as to color, green and white being 
the common colors encountered in general radio work. 

e. The operating potentials for various electrodes of a cathode-ray 
tube will vary from 500 volts for miniature types to several thousand 
volts for the larger types. Since the current used is very small, the 
resultant power consumption is also small. It should be noted that the 
power supplies for a cathode-ray tube always have the positive-output 
side grounded. Thus, most of the high voltage developed is below 
eround, instead of above ground, as in conventional power supplies. 
The last anode of the electron gun is generally at or near sround 
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Figure 252. Simplified circuit diagram of typical cathode-ray tube 
power supply, and representative voltages. 


potential. The various intermediate electrode voltages necessary to 
operate the cathode-ray tube are usually obtained from a voltage-divider 
resistance circuit, as shown in the typical power circuit of figure 252. 
Since the cathode of a cathode-ray tube is usually at a relatively high 
potential (with respect to ground), this element must be well insulated. 

f. The control marked intensity (fig. 252) is a potentiometer which 
varies the voltage on the grid, or control, electrode. A decrease in grid- 
bias voltage results in an increased electron flow. This causes a ereater 
number of electrons to strike the screen, thus producing an increase 
in spot intensity on the screen. Conversely an increase in grid-bias 
voltage results in a decrease in spot intensity. The intensity control 
is also referred to as the brightness control. 

g. The control marked focus is a potentiometer which varies the 
voltage on the first anode of the electron gun. This alters the voltage 
ratio between anodes 1 and 2, and thereby permits a change in their 
focusing effect. When the image on the screen is sharp and clear, the 
spot, or image, is in focus. 

h. Owing to occasional imperfections in manufacture, it 1s possible 
that the electron gun may not project the stream of electrons on the 
exact center of the viewing screen. This may be true when no difference 
of potential exists on either set of deflecting plates. To correct for this 
deviation, or intentionally to adjust the spot to an off-center position, 
two controls, vertical centering and horizontal centering, are provided. 
These controls vary the amount of d-c potential existing between the two 
free deflecting plates. One method of varying the fixed, or standing, 
voltage applied to each of the two free deflecting plates 1s shown in 
figure 252. 
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i. The chief use of the cathode-ray tube is in the oscillograph, or 
oscilloscope, which provides a visual means of examining and measuring 
alternating current and voltage waveforms. Because the electrons have 
so little mass, the beam responds at much higher frequencies than any 
other electrical indicating device, and the range of applications of the 
oscillograph, therefore, is practically unlimited. The electron gun of 
the cathode-ray tube is used in a modified form in many other electronic 
tubes, such as the electron-ray tuning indicator, television tubes, radar 
tubes, and atom-smashing apparatus. 


163. Cathode-ray Oscillograph 


a. The oscillograph is one of the most important and reliable test 
instruments used in the maintenance of radio equipment, since it 
permits a visual examination of various electrical and radio phenomena 
which would not otherwise be possible. Just as the loudspeaker is the 
link between electrical waves and audible sound waves, the cathode-ray 
oscillograph is the link between electrical waves and visual reproduc- 
tions of the waves. | 

b. An oscillograph is essentially a cathode-ray tube operating with 
an appropriate power supply, and with some provision for supplying a 
deflection, or sweep, voltage which is generally applied to the horizontal 
deflecting plates. It is also equipped with vacuum-tube amplifiers for 
increasing the amplitude of small a-c voltages, which are generally 
applied to the vertical deflecting plates. The block diagram of a typical 
cathode-ray oscillograph is shown in figure 253. It comprises a cathode- 
ray tube, signal amplifiers for each of the two sets of deflecting plates, 
a sweep-circuit oscillator, and an adequate power supply for operating 
all of these various components. Provision is generally made for 
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Figure 253. Block diagram showing components of 
cathode-ray oscillograph. 
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switching out the amplifiers for either the horizontal or vertical deflect- 
ing plates, in case the incoming signal is so high as not to require 
amplification (fig. 253). Although an input connection is available 
to both pairs of deflecting plates via the amplifiers, the signal under 
observation is usually fed to the vertical plates, and the sweep voltage 
from the oscillator to the horizontal plates. | 


164. Formation of Oscillograph Patterns 


a. Various voltages on one or both sets of deflecting plates will cause 
proportionate deflections of the electron beam and corresponding 
movements of the spot on the viewing screen. To illustrate the position- 
ing and movement of the spot, on the screen, a simple circuit supplying 
d-e potentials to each of the two sets of deflecting plates is shown in 
figure 254. It will be noted from this circuit that various d-c potentials 
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Figure 254. Circuit for spot positioning by means 
of d-c potentials, 


can be applied to one plate of either the horizontal or the vertical 
deflectors. Potentiometers are used to control the different values of 
voltage needed to move the spot on the cathode-ray tube screen. 
Figure 255 shows the spot positions for various voltages applied to the 
deflecting plates. Figure 255@) shows the spot position when voltage 
FE, is positive and Ey, is zero. If both H, and KH, were zero, the spot 
would be in the center of the screen. Figure 255@) shows the spot 
when voltage EH, is zero and KH» is positive. In each case the spot move- 
ment is proportional to the d-c potential. The vertical and horizontal 
deflections obtained are at right angles to each other, owing to the 
physical position of the two sets of deflecting plates in the cathode-ray 
tube. At @) the spot position results from the fact that Hy and KE, 
are equal in magnitude and positive in polarity. Since the voltages are 
the same in magnitude, the deflecting force is the same in both the ver- 
tical and horizontal directions ; hence the spot moves to a position on an 
imaginary line which is 45° from either the vertical or horizontal axis. 
If different values of positive voltages are applied to the plates, the spot 
can appear at any position within the confines of the upper left-hand, 
cross-hatched area of @. By changing the polarity of Hs, the spot can 
be made to appear at any position within the confines of the upper 
right-hand, cross-hatched area of @. Similarily, if #, is changed in 
polarity also, the spot may appear at any position within the confines 
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the trace shows as a solid line. The retentivity of the screen’s chemical 
preparation also adds to the persistence of the trace. When identical 
sine-wave voltages are applied to the horizontal and vertical plates at 





@ Spot position when E, of figure 254 is positive and E, +s zero. 
@) Spot position for H, zero and EH, positive. 
@) Spot position for both E, and E, positive and of equal magnitude. 


@ Area in which spot may be caused to appear by use of various com- 
binations of voltage magnitudes and polarity. 


® Trace caused by applying a-c voltage across E,, with EH, zero. 
© Trace caused by applying a-c voltage across E,, with E, zero. 


@ Illustrating how spot may be viewed at extremely low frequencies, 
with voltage condition as in (). 


Illustrating trace caused by application of in-phase voltages across 
EL, and £). 


@ Illustrating trace caused by application of voltages 180° out of 
phase across EH, and E). 


Figure 255. Positions of spot on screen for various voltages applied to 
deflecting plates, using circuit and voltages of figure 254. 


of the lower right-hand, cross-hatched area. If HM. is changed back to 
its original polarity, the spot will appear at any position within the 
confines of the lower left-hand, cross-hatched area. It is of course 
understood that the voltages are varied by means of the two potentio- 
meters, in order to position the spot after the polarities have been 
chosen. It will now be assumed that 2-cycle a-c voltage (d-c removed) 
is impressed across Hy», and that Hy, 1s zero. The spot will be caused to 
move back and forth across the screen horizontally four times per 
second, as shown at @. If the impressed a-c voltage is sinusoidal, the 
spot will move rapidly at the center and slowly at the ends of its trace. 
If the frequency of the impressed voltage is increased to 20 cycles or 
more, the spot will no longer be seen, but instead will cause a horizontal 
trace, as shown at G). If the a-c voltage were applied across H, with H. 
zero, the trace would be vertical, as shown at ©). At 20 cycles or less, 
the movement of the spot can be followed by the eye. At frequencies 
higher than 20 cycles, however, the motion of the spot cannot be fol- 
lowed. If the image registers approximately 20 or more times per 
second it appears continuous, and in the case of the fluorescent spot, 
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the same time, the resulting fields cause the spot to trace a sloping line, 
as shown at (8). Identical voltages are voltages that have equal magni- 
tude, frequency, and phase. The same voltages of (8) are shown at @), 
except that they are exactly 180° out of phase. 

b. The trace of the moving spot shown in figure 255@) results from 
applying sine-wave voltages of equal magnitude, phase, and frequency 
on the vertical and horizontal plates at the same time. The complete 
veometrical development of the trace is shown in figure 256. In this 





TL 4249 


Figure 256. Pattern C, resulting from application of in-phase, voltages of a 
1-to-1 frequency ratio to vertical and horizonal 
deflecting plates. 


case, the sweep frequency (wave B) is the same as the frequency of the 
voltage on the vertical plates (wave A). The voltage on the vertical 
plates (wave A) is the waveform under observation. The resulting 
pattern C is useful in determining phase relation between the two 
applied voltages, but does not reveal anything regarding the magnitude 
of the wave A with respect to time. 
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c. To reproduce waveform A of figure 256 on the screen for closer 
examination of its magnitude and wave shape, an entirely different 
waveform B from the sine wave of figure 256 must be applied. The 
new waveform, known as a timing wave, or sweep frequency, should 
have a uniform voltage variation, as shown in the saw-tooth wave of 
figure 258. The timing wave must start at some predetermined point 
on the screen, travel across the screen at a wuntform rate, and then 
return to tho starting point to begin a new cycle. The return period 
of the beam is not of special interest, and therefore is usually kept 
as short as possible. If the saw-tooth timing wave is applied to the 
horizontal deflecting plates and the sine-wave voltage to be examined 
is applicd to the vertical plates, the resultant pattern traced out on 
the sereen by the moving electron beam will be almost identical to the 
original input sine-wave voltage. Figure 297 shows the geometrical form 
of the wave C, produced by applying the sine-wave A on the vertical 
plates and sweeping it with the gaw-tooth timing wave B. The need for 
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Figure 257. Pattern C, resulting from application of in-phase voltages of 
frequency ratio of 2-to-1. (A sine-wave voltage ts applied to the 
vertical deflecting plates; the lower frequency tvmung- 
wave (saw-tooth) voltage is applied to the 
horizontal deflecting plates.) 
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a saw-tooth, or linear, timing wave should be evident. It is the purpose 
of the oscillator in the oscillograph to supply this necessary waveform. 


165. Sweep-circuit Oscillators 


a. The wave shape desired for timing, or sweeping, in an oscillograph 
starts at zero voltage, increases linearly to a maximum, and then drops 
to zero to complete the cycle. This voltage-wave shape (fig. 258) is 
known as a saw-tooth voltage. It is called a linear sweep because the 
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Figure 258. Ideal saw-tooth oscillator timing-axis waveform. 


change in voltage is directly proportional to time. Referring to figure 
208, as the voltage increases from point A to point B, the electron 
beam is swept from left to right horizontally. As the wave drops from 
maximum voltage at point B to zero voltage at point C, the electron 
beam is snapped back to its starting position and ready to start the 
next sweep. 

b. Saw-tooth sweep-circuit waveforms may be produced in a number 
of ways. However, the most frequently used method is that of a 
relaxation oscillator employing a gas-filled triode tube. The circuit 


diagram of a sweep-circuit oscillator of a typical oscillograph is shown 
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Figure 259. Circuit diagram of saw-tooth oscillator using V T-822. 


in figure 259. The tube used in such an oscillograph is the VT—222 
(commercial type 884). Operation of this type of gas-filled tube in 
the sweep-oscillator circuit is made possible by the fact that a negative 
voltage on the grid either maintains plate-current cut-off or promptly 
loses control, depending on the value of the plate voltage. After grid 
control is lost, it can be restored only by reducing the plate voltage 
below the ionization potential of the gas in the tube. This action can 
be controlled by a capacitor shunted across the plate circuit and 
charged through a current-limiting device. When ‘the plate voltage 
reaches break-down potential, the capacitor discharges through the 


267 





ee 


{ 
| 
| 
| 
| 
: 
/ 





tube (since the gas is ionized and becomes a conductor), the plate voltage 
drops, the grid resumes control, and a new eyele starts. Tube VT—222 
is characterized by its extremely low de-ionization time, which allows 
it to be used for high-frequency operation. The voltage drop between 
plate and cathode while the tube is carrying current is approximately 
16 volts. In the simple saw-tooth oscillator circuit, shown in figure 259, 
capacitor C is charged by battery B through resistor R. The grid-bias 
voltage Hy prevents current from flowing through the tube until the 
voltage across the capacitor and plate circuit reaches the break-down 
value. At this point, the capacitor discharges through the tube and 
loses its potential. As soon as the capacitor voltage drops below the 
ionization potential of the tube, the negative grid attracts any positive 
ions to itself and drives any electrons to the other tube elements, thus 
de-ionizing the space between the cathode and plate. During the 
de-ionization period, the discharge current ceases to flow, the grid 
resumes control, and the capacitor starts to recharge for a new cycle. 

c. The frequency of oscillation of the circuit shown in figure 259 is 
determined by the values of R and C. If the value of C is increased, 
more current must flow into it to raise its potential to the break-down 
point, and consequently the time required to sweep the screen is 
ereater. Thus, the frequency is lower. Briefly, the higher the value 
of C the lower the frequency ; the lower the value of C the higher the 
frequency. Also, for a given value of C, the charging period can be 
inereased by increasing the value of R, which is equivalent to lowering 
the frequency. In short, decreasing R increases the frequency; 1n- 
creasing R decreases the frequency. Since the grid bias controls the 
plate potential at which break-down occurs, it also varies the frequency. 
At a lower break-down potential less time is required to charge 
capacitor C, hence the frequency is higher. A greater negative bias 


requires a greater plate potential for break-down, and more time 1S 


required for charging capacitor C, hence the frequency 1s lower. 
Consequently, in order to cover a wide range of frequencies, it 1s 
necessary to use a number of fixed capacitors of the proper values 
and a switch, so that any one of them may be placed in the circuit 
in conjunction with a variable series resistor. The variable resistor 
serves as a vernier frequency control, with a sufficient range to overlap 
the adjacent ranges of the coarser frequency control obtained by 
selecting the various fixed capacitors. 

d. The usual procedure for the observation of a-c waveforms is to 
operate the sweep-circuit oscillator at a submultiple of the observed 
frequency, so that several complete cycles will appear on the screen. 
For example, a 100-cycle sweep voltage will show three complete 
cycles of a 300-cycle wave. Since the pattern will drift across the 
sereen unless the ratio of observed frequency to sweep frequency 
remains constant at a definite value, it 1s necessary to synchronize 
the voltages. | 
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e. If a small a-c voltage is applied in series with the negative bias on 
the grid of the gas-triode sweep oscillator, the oscillator will have a 
tendency to lock in when the frequency of oscillation (as determined 
by the R/C ratio of the charging circuit) approximates that of the 
synchronizing voltage, or a submultiple thereof. This synchronizing 
voltage is usually fed into the grid of the triode by means of a variable 
resistance. If insufficient synchronizing voltage is applied to the gas 
triode, the locking-in will not be positive in action. If too much syn- 
chronizing voltage is applied, the waveform of the sweep-circuit oseil- 
lator will be distorted. Ordinarily, a fraction of a volt is sufficient. 


166. Oscillograph Amplifiers 


The usefulness of the oscillograph is enhanced by providing amplifiers 
for both the horizontal and vertical deflecting-plate voltages, thereby 
insuring that sufficient signal voltage will be available to produce a 
sereen pattern of suitable size. The amplifiers used in conventional 
oscillograph circuits are generally of the resistance-coupled type, and 
may consist of one, two, or three stages of amplification. The amplifier 
for the horizontal deflecting plates normally amplifies only the saw- 
tooth sweep voltage from the oscillator stage. The vertical deflecting- 
plate amplifier must operate over a wide range of voltages, passing 
waves of many shapes, both simple and highly complex. The voltage 
to be observed or measured is passed through this amplifier. If the 
unknown signal is of sufficient strength, it may be applied directly to 
the vertical deflecting plates without amplification. 


167. Electron-ray Tuning Indicator 


a. An ingenious application of the cathode-ray tube has been de- 
veloped to aid in the tuning of radio receivers. This tube is known 
as the electron-ray tuning indicator. The internal construction of the 
device is shown in figure 260. The tube is a combination of an ordinary 
triode tube, plus two special electrodes, the target and the deflector, 
or ray-control electrode. The target of the tube 1s connected to the 
high (plate) voltage of the receiver. Hlectrons from the cathode are 
attracted to the target. When these electrons strike the inner surface 
of the target, they. cause the coating to fluoresce with a greenish hght. 
The ray-control electrode is a thin vertical vane placed between the 
cathode and part of the target. Since this vane shades a part of the 
target, some of the electrons are prevented from striking that part, 
leaving a nonfluorescent area. The width of shaded area depends on the 
relative voltages on the target and the ray-control electrode. When 
the ray-control electrode is less positive than the target, electrons are 
prevented from striking that part of the target which is blocked by 
the ray-control electrode. For a strong negative voltage on the ray- 
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Figure 260. Electron-ray tube. 


control electrode (with respect to the target), the angle of shadow is 
large (fig. 261@)). When the ray-control electrode is at the same 
potential as the target, the shadow angle is small (fig. 261@)). For 
intermediate values of voltage on the ray-control electrode (with 
respect to the target), the angle of shadow is somewhere between the 
above extremes (fig. 261()). The dark round spot in the center of 
this ring of light in most electron-ray tubes is caused by a cathode light 
shield so placed as to make the amount of deflection more noticeable. 
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Figure 261. Top view cf electron-ray tube. 


b. The functioning of the electron-ray tube in a circuit is dependent 
on a supply of a-v-e voltage. A basic circuit is shown in figure 262. If 
no signal is being received by the receiving set, the a-v-c voltage is 
zero, and the bias on the triode grid is also zero, thus permitting a 
relatively high flow of plate current in the tube. This high plate 
current will produee a high voltage drop across R (by Ohm’s law: 
E—I™* RR). Consequently, the plate of the tube is much less positive 
than the B supply voltage for the plate. Note that the target is directly 
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connected to the B supply voltage and that the ray-control electrode is 
internally connected to the triode plate. The ray-control electrode, 
therefore, is negative with respect to the target and the shadow angle 
is large (fig. 261@)). When the receiver is properly tuned to a radio 
station, the a-v-c voltage is highly negative; therefore the triode of 
the tube is negative.. The resulting plate current of the tube 1s quite 
small, and the voltage drop (J & Ff) across resistor & is also small. 
For this condition, the plate and the ray-control electrode are nearly 
as positive as the target, and therefore the shadow angle is quite small 
(fig. 261@)). The shadow angle of the tube varies with the amount of 
a-v-c voltage developed by the detector, and this voltage in turn 
depends on the strength of the signal. The a-v-c voltage also will 
change as the tuning of the receiver is varied from resonance. Thus, 
the electron-ray tuning indicator serves as a visual indication of both 
signal strength and current resonance tuning. 
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Figure 262. Circuit showing method of connecting electron-ray 
tube to a-v-c line. 
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SECTION XVII 


RADIO DIRECTION FINDING 





168. General 


a. The directivity characteristics of certain radio antennas are used 
by radio direction finders to determine the direction of a distant trans- 
mitter by ascertaining the direction of arrival of the incoming r-f wave. 
Ground direction finders generally use either the loop or Adcock type 
antenna. Most direction finders and radio compasses used on aircraft 
and surface craft use loop antennas, because these can be made much 
smaller and more compact. The principal military use of ground dl- 
rection finders is to locate the direction of hostile radio transmitters. 
(See FM 11-20.) Radio compasses and direction finders are used by 
aircraft to determine the position of the airplane. Radio compasses are 
also used by aircraft and surface craft for navigation’ purposes. 

b. Radio range beacons make use of directional transmitting anten- 
nas, and thus differ from the radio direction finder. Although they will 
keep an airplane flying on a predetermined course, radio range bea- 
cons tell the pilot very little about his actual position. When the actual 
position must be known, radio direction finders are employed; they are 
also used for plotting a course not determined by a beam. 
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SECTION XVIII 


CARE AND MAINTENANCE OF RADIO EQUIPMENT 


nn 


169. Preventive Maintenance 


a. The maintenance of radio transmitters, receivers, and related ap- 
paratus does not begin when the equipment fails to operate in a normal 
manner. Maintenance must begin weeks or even months before, when 
the equipment is first placed in technical operation. Regular daily 
care and a weekly inspection, known as preventive maimtenance, are 
just as important as the actual test-and-repair maintenance (par. 171), 
since, if preventive maintenance is carried out regularly and con- 
scientiously, most of the common faults and break-downs will never 
oceur. Many hours of trouble-free operation will be added to the life 
of every transmitter and receiver by simple daily care and a weekly 
examination of all circuit elements and circuit wiring. Only a few 
minutes each day are needed to insure that the equipment is kept 
entirely free from dirt, dust, sand, moisture, vermin, or insects; that 
all cables and plugs connecting different units of the set are clean, 
tight-fitting, and in no way damaged; and that no part of the equipment 
is being abused or neglected . 

b. From time to time, preferably once every week, periodic thorough 
inspections should be made as part of preventive maintenance, to cle- 
termine more accurately the actual operating condition of the radio 
equipment. Any broken wires or cables, damaged components, or other 
defects discovered during this inspection must be repaired and adjust- 
ments completed as soon as possible. An outline of the important 
items to be inspected and tested is given in paragraph 170. 


170. Outline of Inspection Procedure 


a. BATTERY. Check— 


(1) Cleanliness of battery, box, battery cables, and terminals. 
(2) Secureness of installation in box. 

(3) Depth of battery water (should be 14-inch over plates). 

(4) Cable insulation (should be well-soldered and not corroded). 
(5) Specific gravity of each battery cell. 


b. Rapio RECEIVER. Check— 
(1) General cleanliness. 
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(2) External and internal mechanical connections. 

(3) Switches for cleanliness, tightness, and broken knobs. 
(4) Soldered connections. ' 

(59) Head set, if one is used. 

(6) Vacuum tubes. 

(7) Fuses. 


(8) Receiver dynamotor for proper lubrication. 


c. Rapio TRANSMITTER. Check— 


(1) General cleanliness. 

(2) External mechanical connections for tightness. 

(3) Internal mechanical connections for tightness. 

(4) Meters for cleanliness and proper operation. 

(5) Soldered connections. 

(6) Microphone and/or key, 

(7) Vacuum tubes. 

(8) Fuses. 

(9) Plate-current readings of large tubes against normal operating 
values of plate current in each case. 


d. DynAamotToR. Check— 


(1) Lubrication (excessive or inadequate). 

(2) Brushes for cleanliness. (Commutator should be cleaned with 
a hard surface cloth. ) 

(3) Fuses. 

(4) Soldered connections. 

(5) Socket spread, banana connecting points. 

(6) Voltage. 


e. Corps. Check— 


(1) All cords for open circuits and short circuits. : 
(2) Cleanliness and general condition of cords. (Broken or frayed 
insulation must be wired back or removed.) 


f. Mast Bast, ANTENNA. Check— 


(1) For cracked or broken insulators and spacers. 
(2) Condition of fiber msulators. 

(3) General condition of antenna sections. 

g. Meta CABINETS AND Covers. Check— 

(1) General condition and cleanliness. 

(2) Stability and rigidity. 


171. Test-and-repair Maintenance 


In the normal service life of any piece of radio equipment, faults and 
break-downs will develop. In order that the necessary repairs may be 
carried out in a reasonably short time, a logical testing routine must 
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be followed. The twofold purpose of any test-and-repair procedure is 
first, the localization of the faulty circuit, or stage; second, the locali- 
zation of the faulty component or part. The trouble must be discovered 
as quickly and accurately as possible. The actual procedure to follow 
ean be divided into five parts: visual inspection, electrical inspection, 
repairs and replacements, final inspection, and the test run. A con- 
densed outline of test-and-repair maintenance procedure is given in 
paragraph 172. 

a. VisuaL Inspection. In the visual inspection, a check is first made 
of plugs, cables, fuses, microphones, head sets, and all other parts 
which can be examined without removing the set from its case. If no 
fault is located in this external check, the visual inspection is repeated 
inside the equipment. Tubes are checked for filament burn-outs; wir- 
ing is examined for damage, loose connections, and insulation break- 
down; and a rapid examination of parts and controls is made. Metal 
tubes may be checked for open filaments by feeling their envelopes 
after the set has warmed up; a cold envelope indicates an open fila- 
meut. If the visual inspection fails to locate the fault, an electrical in- 
spection must be mace. 

b. Evectricay Inspection. (1) The first step in the electrical inspec- 
tion of a defective set is the voltage test. The electrode voltages of all 
tubes should be checked at the tube sockets, and the measured voltages 
compared with the chart of electrode voltages in the maintenance manh- 
ual for the given set. The operating voltages of all control circuits 
should be determined. Voltages differing greatly from specified values 
indicates a fault in the circuit under test, and further measurements 
to locate the defective part should be carried out. In most cases, the 
voltage test will indicate in which circuit the trouble lies. If the voltage 
test fails to locate the trouble, either a dynamic (operating) test, or a 
detailed parts check, may be necessary. 

(2) In the dynamic testing of a receiver a signal from the test 
oscillator within the tuning rage is fed into the antenna circuit of the 
set, and measurements are made at the output of each successive stage 
to determine in which stage the signal ceases. A cathode-ray oscillo- 
oraph can be employed in this type of testing. An alternative method 
of dynamic testing, particularly useful when an oscillograph, vacuum- 
tube voltmeter, or other signal measuring device is unavailable, is the 
reverse of the above procedure. For testing the r-f end of a receiver, for 
example, the signal from the test oscillator is applied in succession to 
the input circuits of the detector, i-f amplifier stages, mixer, r-f ampli- 
fier, and so on. The signal generator or test oscillator must always be 
tuned to the frequency of the stage under measurement. If no signal is 
heard in the head set or loudspeaker when the signal generator 1s con- 
nected to a given stage, the fault is in that circuit of the receiver. 
With the application of a little ingenuity on the part of the repairman, 
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similar dynamic tests can be devised for any piece of communications 
equipment. The convenience and speed of this type of test in the lo- 
ealization of faulty circuits cannot be overemphasized. 

c. REPAIRS AND REPLACEMENTS. After the trouble has been definitely 
located, any repairs or replacements found necessary should be made. 
In all repairs and replacements, every attempt should be made to du- 
plicate the original condition of the equipment. Standard replacement 
parts only should be used. Particular care should be taken to run any 
replacement wiring in the same position and manner as the original 
wiring. Soldering should be done with rosin-core solder only; the 
smallest amount of solder necessary for a good mechanical and elec- 
trical joint should be used. In the event of emergency repairs, where 
it is impossible to make exact replacement of parts, the same care in 
workmanship must be taken. The temporarily repaired set should be 
conspicuously marked or tagged to indicate the temporary nature of 
the repair, and restored to its origimal condition at the first possible 
opportunity. 

d. Finau INSPECTION. Upon completion of all repairs and replace- 
ments, the equipment should be inspected carefully to insure that no 
~ defect has been overlooked, that. the workmanship on all repairs is 
neat and correct, and that all components have been correctly reassem- 
bled. In this final inspection, a check of the operating characteristics of 
the equipment, such as sensitivity, volume, and calibration accuracy of 
dials, should be made to determine whether the repairs have restored 
the equipment to a satisfactory operating state. 

e. Test Run. After the final inspection has proven the equipment 
satisfactory from an operational standpoint, a test run should be con- 
ducted under conditions which resemble actual operating conditions 
as closely as possible. This test should be of sufficient duration to de- 
termine whether the set will stand up during long periods of operating 
without overheating or breaking down in any way. If the equipment 
under test has calibrated controls which are necessary to satisfactory 
operational use, the calibration accuracy should be checked at the com- 
pletion of the test run to insure that the set is not drifting. 


172. Outline of Test-and-repair Procedure 


ad. VisuAL INSPECTION. (1) Haternal. (a) Plugs. 


(b) Cables. 

(c) Fuses. 

(d) Microphones, or keys. 
(e) Headsets. 

(2) Internal. (a) Tubes. 
(b) Parts. 
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(c) Wiring. 
(d) Controls. 


b. ELECTRICAL INVESTIGATION. (1) Function of circuit. 
(2) Voltage test. . 

(3) Dynamic tests. 

(4) Detailed check of parts. 


c. REPAIRS AND REPLACEMENTS. (1) Requirements. (a) Duplication 
of original condition. 

(b) Use of standard replacement parts. 

(2) Workmanship. (a) Normal repairs. 

(6) Emergency repairs. 


d. Frnau Inspection. (1) Workmanship. (a) Mechanical correct- 
ness. | 

(b) Electrical correctness. 

(c) General neatness. 

(2) Operation. (a) Sensitivity. 

(b) Calibration accuracy. 

(c) Output. 


e. Test Run. (1) Duration. 


(2) Operating conditions. 
(3) Results favorable, or unfavorable. 
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APPENDIX | 


RADIO ABREVIATIONS 


enn 
|. General 


The use of certain abbreviations to represent radio words, terms, 
and expressions, both in diagrams and in written matter, has become 
standard. It is well to understand how they are derived and used. 
In general, the abbreviation for a basic word is its first letter; thus w 
represents watts, and h represents henrys. If the basic word takes on 
a prefix (to indicate a larger or a smaller unit) the initial letter of 
the prefix is combined with the initial letter of the word; thus kilowatt 
becomes kw. Radio abbreviations are both singular and plural; the 
plural form does not take a final s. 


2. Greek Letter 

The Greek letter » (pronounced mew) stands for micro, or one- 
millionth part. It may precede any basic unit of measure. Thus the 
unit farad (a measure of capacitance), which 1s too unwieldy for 
practical use, invariably 1s shortened to the unit microfarad (pt), 
one-millionth part of a farad. For extremely small capacitances, the 
unit micromicrofarad (uuf), one-millionth of a millionth part of a 
farad, is used. The Greek letter p is also used as a general symbol 
(not as an abbreviation) for the amplification factor of vacuum tubes, 
and for the permeability of magnetic materials. The symbol 1s used 
alone in these connections, and it is not likely to be mistaken for the 
prefix meaning one-millionth. 


3. Letter "'m" - | 
a. The letter m is the abbreviation for the prefix millt, meaning 


one-thousandth part. Thus, malliampere (one-thousandth of one ampere) 
is abbreviated as ma. Small r-f imductors (choke cous) usually have 
‘nductanece values of a few millihenrys, the abbreviation for this 
unit being mh. . 

b. The capital letter M is sometimes used for mega, meaning one 
million. (It is not so used in this manual, however.) It is only used 
to express megacycles ( Mc) for one million cycles, and megohms 
(MQ) for one million ohms. Thus, 20,000,000 cycles may be written 


as 20 Mc or me. 
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c. In reading books and current magazines, the student may notice 
irregularities in the use of the prefix letters » and m with the basic 
measure of the farad. In some cases, mfd or mf are used instead of 
pf to indicate one-millionth of a farad. Since the largest capacitors 
used in radio work are about 50 microfarads, it is always safe to 
assume that the abbreviation mf or mfd means microfarads (and not 
millifarads). In all other cases the small letter m stands for mulls, 
or one-thousandth part. 


A. List of Abbreviations 


For easy reference the following abbreviations are grouped according 
to common usage, rather than alphabetically. 


a. BASIC EXPRESSIONS. 


Group Abbreviation Meaning 
PIVOT aa laa a, or amp....ampere 
ar, Se ae microampere (one-millionth of an ampere). 
WI: ato Kae ee milliampere (one-thousandth of an ampere). 
Pare dieivasuees Eee eencis farad (rarely used alone). 
RE Datienaia ace micromicrofarad (one-millionth of a millionth 
part of a farad). 
fh Re eaies microfarad (one-millionth of a farad). 
Frequency..... Te he ara See frequency. 
¢,.0r + «cycles. 
CUS st ae ee ok cycles per second. 
Gs seieesisenetera kilocycles per second. 
WRC. ops oranges megacycles per second. 
Henrys. cee Faw De hoe es henry. 
GED, 0-8 eae 470! atts microhenry (one-millionth of a henry). 
TOL! . ehonerecara millihenry (one-thousandth of a henry). 
TM Pedane Os cas: Ay cue sey eee inductive reactance (in ohms). 
Pa eae eee capacitive reactance (in ohms). 
Ds eas we Decal writes impedance (in ohms). 
“ G iewta eis conductance. 
WetIIG ssc aay AM: Aisi arate aye meter (measure of length). 
system........ TOD, sas Aang millimeter (one-thousandth of a meter). 
GMD os paces aes centimeter (one-hundredth of a meter). 
OD s53 Se 4 eh Q (Omega)..ohm. resistance. 
rere ae eee megohm (one million ohms). 
WV Ole 3 5 oan WV sane has volt. 
OY, idee eect microvolt (one-millionth of a volt). 
EOS ectndid airs millivolt (one-thousandth of a volt). 
RV: ave Goce kilovolt (one thousand volts). 
- IV «tana ates kilovolt-ampere (or, apparent power). 
Watti eos eee a re watt. 
ON? pee arn edi microwatt (one-millionth of a watt). 
MW > 14, ee are milliwatt (one-thousandth of a watt). 
kw, or KW .. kilowatt (one thousand watts). 
Dea R akan ait power (in watts). 


b. Crrcuir AND TUBE SYMBOLS. 


CPC Ua Gas <9 tg WP chen bie ees inductance. 
properties..... Or ea sui Sete a es capacitance 
Te ssa Bitar a ad resistance 
CUITON Gs g.d.s 65 A ois i atte oat effective current (rms). 
Oe maximum current (peak). 
SpE Gitacewuk-s average current. 
De ate eae hag aod instantaneous current. 
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Group Abbreviation Meaning 
Power supply..4 .......0.. filament-power supply. 
Ds Case Tee plate-power supply. 
Oo hare ere tenn ‘grid-bias power supply. 
PuUbes-s¢aea ee PS ogee sees filament. 
EOP V6 ses cathode. 
a oe hawice: GLOSSARY OF RADIO TERMS 
Gy OE 0 x issi8 4 grid | 
SO Wensawhns screen grid. 
Py OF Dyke plate. 
Voltage....... TL ach aie aa effective voltage (rms) 
Fiyax sevens maximum voltage (peak) 
Aves hese eS average voltage. : 
Terese instant ltage. . - os . . 
Mileciaueeitacc cue bie od age eee | Absorptron. The loss of radiated emergy due to dissipation in a 
MGds vevceaates Modulator. : conducting medium. 
AG > 4 gies ae antenna. \ ‘ : : ; 
Acceptor circuit, A series-resonant circuit. 
c. GENERAL EXPRESSIONS. Align. The process of adjusting the tuned circuits of a receiver 
Current....... PCr re arena alternating current. or transmitter for maximum signal response. 
OG 2 oa oat eras direct current. 
Frequency..... Ch ae ee audio frequency. Alternation. One-half of a complete cycle. . 
ae  emeiene radio frequency. Ammeter. An instrument for measuring the electron flow in amperes. 
al - sae mesphieee intermediate frequency. ’ 
eg te fumed: vadio #equenes. Ampere. The basic unit of current flow; a current of one ampere 
og ssc ohana bee Peaes 7 will flow through a conductor having a resistance of one ohm, when 
S820). etre sears eat-frequency oscillator. | 
ic, ee low-tecqueney (band) | a potential of one volt is apphed. | 
ars Sonueuien ano sa ead (band) : Amplification. The process of increasing the strength of a signal. 
BEY stereai ears igh-frequene and). : ean 
ee te cae an os ee cb and) | Amplification factor. The ratio of a small change in plate voltage to 
WHE devaves ultra-high-frequency (band). . 2 a small change in control-electrode (grid) voltage required to produce 
Miscellaneous. .c-w ........ continuous wave. th i “ohare ees Tat t ‘chal: ob leetrod 
be he smpliende auodulation: : e same small change in plate current, with all other electrode 
Fm... eens pee toe) mona : voltages and currents constant. It is a measure of the effectiveness 
O2V-@. asia 2 a , 
ie delayed eee of the control-electrode voltage to that of the »late voltage, upon the 
e-m-f ...... electromotive force (in volts). plate current. 
M-O-P-A ....- master-oscillat - lifier. ; . 
ve me ae ders Amplifier. A device used to increase the signal voltage, current, or 


power, generally made up of a vacuum tube and associated circuit 
called a stage. It may contain several stages in order to obtain a 
desired gain. 

Amplitude. The maximum instantaneous value of an alternating 
voltage or current, measured in either the positive or negative direction. 

Amplitude distortion. The changing of a waveshape so that 1t is no 
longer proportional to its original form. Also known as harmonic 
distortion. 

Amplitude modulation. The process of changing the amplitude of an 
r-f carrier wave in accordance with the variations of an a-f wave. 

Anode. A positive electrode; the plate of a vacuum tube. 

Antenna. A. conductor or system of conductors used to send out 
or pick up radio waves. ; 

Antiresonant circuit. A parallel-resonant circuit. 

Atom. The smallest particle of an elementary substance. It con- 
sists of one or more positive protons surrounded by such a number of 
electrons as will balance the positive charge. 


28 | 





280 


Attenuation. The reduction in the strength of a signal. 

Audible. Capable of being heard; a signal or vibrational disturbance 
of audio frequency and of sufficient strength to be heard. 

Audio amplifier. Any device that amplifies a-f signals. ~ 

Audio component. That portion of any wave or signal whose fre- 
quencies are within the audible range. 

Audio frequency. A frequency which can be detected as a sound 
by the human ear. The range of audio frequencies extends approxi- 
mately from 20 to 20,000 cycles per second. 

Audio-frequency choke. A coil used to impede the flow of a-f currents ; 
generally a coil wound on an iron core. 

Audio-frequency transformer. An iron-core transformer designed 
to transfer a-f signals from one circuit to another. 

Autodyne circuit. A circuit in which the same elements and vacuum 
tube are used as an oscillator and a detector. The output has a fre- 


quency equal to the difference between the frequencies of the received | 


signal and the oscillator signal. 

Autotransformer. A transformer having one continuous winding, 
parts of which are used for both the primary and the secondary coils. 

Automatic volume control. A method of automatically regulating the 
vain of a receiver so that the output tends to remain constant though 
the incoming signal may vary in strength. 

Average value. The value obtained by multiplying the peak value 
of one alternation of a sine wave by 0.636. 


Balanced circuit. A divided cireuit in which both sides are elec- 
trically equal. | 

Balanced modulator. An amplifier in which the tube control grids 
are connected for parallel operation, the screen grids for push-pull 
operation (used as injector grids), and the plates for operation in 
push-pull. In its use in f-m transmitters, the original oscillator signal 
is applied to the control grids and the modulating signal to the screen 
erids. The output is a signal of the same frequency as the oscillator, 
either in phase or 180° out of phase with it, and with an amplitude 
which depends upon the amplitude of the modulating signal. 

Ballast resistance. A. self-regulating resistance, usually connected 
in the primary cireuit of a power transformer to compensate for 
variations in the line voltage. 

Ballast tube. A tube which contains a ballast resistance. 

Band of frequencies. The frequencies existing between two definite 
limits. 

Band-pass filter. A circuit designed to pass currents of frequencies 
within a definite band with nearly equal response, and reduce substan- 
tially the amplitudes of currents of all frequencies outside of that band. 

Band spread. The process of spreading a narrow band of frequencies 
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over a large portion of the tuning dial, either by mechanical or 
electrical means. 

Beam-power tube. A tetrode or pentode in which the electron stream 
is directed to flow in concentrated beams from the cathode to the plate. 

Beat frequency. A frequency resulting from combining two different 
frequencies. It is numerically equal to the differencé between these 
two frequencies. 

Beat-frequency oscillator. An oscillator used to generate a local 
signal which, when combined with an incoming r-f signal, results in 
a beat frequency that is audible. Used for c-w reception in super- 
heterodyne receivers, or as an instrument for test purposes. 

Beat note. See Beat frequency. | 

Bias. The d-e voltage maintained between two elements of a vacuum 
tube. Unless otherwise specified, it refers to the d-c voltage between 
the control grid and the cathode. 

Biasing resistor. A resistance used to provide the voltage drop for 
a required bias. 

Bleeder. A resistance connected in parallel with a power-supply 
output to protect equipment from excessive voltages, should the load 
be removed or substantially reduced to improve the voltage regulation, 
and to drain the charge remaining in the filter capacitors when the 
unit is turned off. Also used as a voltage divider in some cases. 

Blocked-grid keying. A method used to key a c-w transmitter in 
which the grid bias is highly negative when the key is open, thus 
blocking the tube and preventing the flow of plate current. 

Blocking capacitor. A capacitor used to block the flow of direct cur- 
rent while permitting alternating current to pass. 

Break-down voltage. The voltage at which an insulator or dielectric 
ruptures; or the voltage at which ionization and conduction begin 
In a gas or vapor. : 

Buffer amplifier. An amplifier used in a transmitter to isolate the 
oscillator from the effects produced by changes in voltage, changes 
in loading, or modulation in the following r-f amplifiers. 

Bypass capacitor. A eapacitor used to provide an alternating-current 
path of comparatively low impedance around a circuit element. 


Capacitance. The ability to store electrical energy, measured in 
farads, microfarads, or micromicrofarads. 

Capacitive coupling. A method of transferring energy from one 
circuit to another by means of a capacitor that is common to both cirecutts. 

Capacitive feedback. The process of returning part of the energy 
of the plate (or output) circuit of a vacuum tube to the grid (or input) 
circuit by means of a capacitance common to both circuits. 

Capacitive reactance. The opposition offered to the flow of an alter- 
nating current by capacitance, expressed in ohms. Its. symbol is X¢. 
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Capacitor. Two electrodes, or sets of electrodes, in the form of 
plates, separated from each other by an insulating material, called 
the dielectric. 

Capacitor-input filter. A filter which has a capacitor connected 
directly across (in parallel with) its input. 

Carrier. See Carrier wave. 

Carrier frequency. The frequency of an unmodulated carrier wave. 

Carrier power. The power of an unmodulated carrier wave. 

Carrier wave. The r-£f component of a transmitted wave upon which 
an audio signal or other form of intelligence can be impressed. 

Cathode. The electrode in a vacuum tube which provides electron 
emission. 

Cathode bias. The method of biasing a tube by placing the biasing 
resistor in the common cathode-return circuit, making the eathode more 
positive, rather than the grid more negative, with respect to ground. 

Cathode resistor. A resistance connected in the cathode circuit of 
a tube so that the voltage drop across It will supply the proper 
cathode-biasing voltage. See Cathode bias. 

Center frequency. See Resting frequency. 

Characteristic curve. A graph plotted to show the relation of chang- 
ing values to each other. An example would be a curve showing how 
the plate current changes with variations in the grid voltage. 

Choke. A coil used to impede the flow of pulsating direct current 
or alternating current by means of its self-inductance. | 

Choke-input filter. A filter which has a choke in series with the 
input, as distinguished from a capacitor-input filter. 

Class A operation. Operation of a vacuum tube with grid bias such 


that the operating point is at or near the center of the straight portion ~ 


of its Ip-Eq (plate-current grid-voltage) characteristic curve. Plate 
current flows throughout the entire operating cycle and distortion 
is kept to a minimum. : 

Class AB operation. Operation of a vacuum tube with grid bias such 
that the operating point 1s approximately half way between class A 
and class B. 

Class AB,. Class AB operation in which the mput signal never 
exceeds the bias voltage, so that the grid is never driven positive and 
no grid current flows. The suffix “1” denotes no grid current flow. 

Class AB». Class AB operation in which the input signal is greater 
than the bias voltage, driving the grid positive and causing grid current 
to flow. The suffix “2” denotes the flow of grid current. 

Class B operation. Operation of a vacuum tube with grid bias at or 
very near cut-off, so that the operating point is at the lower bend of 
the Ip-Eq@ curve. The plate current 1s approximately zero with 
no input signal to the grid, and flows for approximately the positive 
half of each cycle of the input signal. 
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Class C operation. Operation of a vacuum tube with grid bias con- 
siderably greater than cut-off. The plate current is zero with no input 
signal to the grid, and flows for appreciably less than one-half of each 
eyele of the input signal. | : 

Coaxial cable. A transmission line consisting of one conductor, usually 
a small copper tube or wire, within and insulated from another con- 
ductor of larger diameter, usually copper tubing or copper braid. 
The outer conductor may or may not be grounded. Radiation from this 
type of line is practically zero. Coaxial cable is sometimes called 
concentric line. 

Code. A system of dots and dashes used for communication by radio 
or wire telegraphy. 

Coefficient of cowpling. A numerical indicator of the degree of 
coupling existing between two circuits, expressed in terms of either 
a decimal or a percentage. 

Condenser. See Capacitor. (The term condenser is not approved 
for Signal Corps usage. 

Conductance. The ability of a material to conduct or carry an electric 
current. It is the reciprocal (opposite) of the resistance of the material, 
and is expressed in mhos. 

Continuous waves. Radio waves which maintain a constant amplitude 
and a constant frequency, abbreviated ¢-w. 

Control grid. The electrode of a vacuum tube upon which the signal 
voltage is impressed in order to control the plate current. 

Control-grid bias. See Bras. 

Control-grid-plate transconductance. The ratio of the amplification 
factor of a vacuum tube to its plate resistance, combining the effects of 
both into one term. Its symbol is Gy, and is expressed in mhos or 
micromhos. It is sometimes called mutual conductance or simply 
transconductance. | 

Conversion gain. The ratio of the if output voltage to the input 
signal voltage of the first detector of a superheterodyne receiver. 

Conversion transconductance. A characteristic associated with the 
mixer function of vacuum tubes, and used in the same manner as 
mutual conductance, is used. It is the ratio of the i-f current in the 
primary of the first i-f transformer to the r-f signal voltage producing 
it. Its symbol is Ge. 

Converter tube. A multi-element vacuum tube used both as a 
detector and oscillator in a superheterodyne receiver. It creates a 
local frequeney and combines it with an incoming signal toe produce an 
intermediate frequency. | 

Counterpoise. A conductor or system of conductors used as a sub- 
stitute for ground in an antenna system. 

Coupled impedance. The effect produced in the primary winding of 
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a transformer by the influence of the current flowing in the secondary 
winding. 

Coupling. The association of two circuits in such a way that energy 
may be transferred from one to the other. 

Coupling capacitor. Any capacitor used to couple two circuits 
together. Coupling is accomplished by means of capacitive reactance 
common to both circuits. 

Coupling element. The means by which energy is transferred from 
one circuit to another; the common impedance necessary for coupling. 

Coupling transformer. A transformer used to couple two circuits 
by means of its mutual inductance. 

Critical coupling. The degree of coupling which provides the maxi- 
mum transfer of energy at a given resonant frequency. It is also called 
optimum coupling. | 

Cross modulation. A type of cross talk in which the carrier frequency 
being received is interfered with by an adjacent carrier, so that the 
modulated signals of both are heard at the same time. 

Crystal. A natural substance, such as quartz or tourmaline, which is 
capable of producing a voltage stress when under pressure, or producing 
pressure when under an applied voltage. Under stress, it has the 
property of responding only to a given frequency when cut to a given 
thickness. It is therefore a valuable medium to control the frequency 
of radio transmitters. 

Crystal control. Control of the frequency of an oscillator by means 
of a specially designed and cut erystal. 

Crystal oscillator. An oscillator circuit in which a erystal is used 
to control the frequency and to reduce frequency instability to a 
minimum. 

Crystal oven. A container maintained at a constant temperature in 
which a crystal and its holder are inclosed in order to reduce fre- 
quency drift. 

Current. The rate of flow of electrons, expressed in amperes. 

Cut-off. The minimum value of negative grid bias which cuts off, or 
stops, the flow of plate current. With a constant plate voltage and no 
signal, decreasing the bias from the cut-off value will permit the 
plate current to flow again, while increasing it to or beyond the 
eut-off point keeps the plate current at zero. 

Cycle. One complete positive alternation and one complete negative 
alternation of an alternating current. 


Damped waves. Waves which steadily decrease in amplitude. 

Decibel. The standard unit of comparison between two quantities 
of electrical or acoustical power. | 

Decoupling network. A network of capacitors and chokes, or re- 
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sistors, placed in leads which are common to two or more circuits to 
prevent unwanted and harmful interstage coupling. 

Degeneration. The process whereby a part of the output power of- 
an amplifying device is returned to its input circuit in such a manner 
that it tends to cancel the input. 

Demodulation. See Detection. 

Detection. The process of recovering the audio component (audible 
signal) from a modulated r-f carrier wave. 

Detector circuit. That portion of a receiver which recovers the 
audible signal from the modulated r-f carrier wave. 

Deviation. A term used in frequency modulation to indicate the 
amount by which the carrier or resting frequency increases or decreases 
when modulated. It is usually expressed in kilocycles. 

Deviation ratio. A term used in frequency modulation to indicate 
the ratio of the maximum amount of deviation of a fully modulated 
carrier to the highest audio frequency being transmitted. 

Dielectric. An insulator. A term applied to the insulating material 
between the plates of a capacitor. 

Dielectric constant. A numerical indicator of the capacitive value 
of a substance. It is the ratio of the capacitance of a capacitor using 
that substance as a dielectric to its capacitance if the dielectric is dry 
air or a vacuum. 

Diode. A two-electrode vacuum tube containing a cathode and a plate. 

Diode detector. A detector circuit employing a. diode tube. 

Directly heated cathode. A filament cathode which carries its own 
heating current for electron emission, as distinguished from an indi- 
rectly heated cathode. 

Discriminator. A vacuum-tube circuit whose output voltage varies in 
amplitude and polarity in accordance with the frequency of the applied 
sional. Its principal uses are as a detector in an f-m receiver and as an 
automatic frequency-controlling device. 

Distortion. Distortion is said to exist when an output waveform 1s 
not a true reproduction of the input waveform. Distortion may con- 
sist of irregularities in amplitude, frequency, or phase. 

Distributed capacitance. The capacitance that exists between the 
turns in a coil or choke, or between adjacent conductors or circuits, as 
distinguished from the capacitance which is concentrated in a capacitor. 

Distributed inductance. The inductance which exists along the entire 
length of a conductor, as distinguished from the self-inductance con- 
centrated in a coil. 

Driver. An amplifier used to excite the final power-amplifier stage 
of a transmitter or receiver. 

Dropping resistor. A resistor used to decrease a given voltage to a 


lower value. 
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Dry electrolytic capacitor. An electrolytic capacitor using a paste 
instead of a liquid electrolyte. See Electrolytic capacitor. 

Dynamic characteristics. The characteristics of a vacuum tube dur- 
ing operation. 


Effective value. The equivalent heating value of an alternating 
current, or voltage, as compared to direct current, or voltage. It is 
0.707 times the peak value ofa sine wave. It is also the rms value. 

Efficiency. The ratio of output to input power, generally expressed 
as a percentage. 

Electric field. A space in which an electric charge will experience a 
force exerted upon it. 

Electrical axis. The X-axis of a erystal. 

Electrode. A terminal at which electricity passes from one medium 
into another. Examples of electrodes are the individual elements of a 
vacuum tube, the plates of battery cells, or the plates of capacitors. 

Electrolyte. A chemical compound, either liquid or pastelike, whose 
chemical action causes a current flow, or in which a chemical reaction 
is caused by the flow of a current. Examples of electrolytes are the 
liquid solution used in storage cells, or the pastelike compound used in 
dry cells or in dry electrolytic capacitors. 

Electrolytic capacitor. A capacitor employing a set of plates im- 
mersed in an electrolytic solution. Chemical action forms a very thin 
dielectric film on the anode plates, insulating them from the electrolyte, 
which then becomes the other electrode of the capacitor. 

Electromagnetic field. The field of influence which an electric cur- 
rent produces around the conductor through which it flows. 

Electron. The smallest charge of electricity. It is always negative. 

Electron emission. The liberation of electrons from a body into space 
under the influence of heat, light, impact, chemical disintegration, or a 
potential difference. | 

Electrostatic field. The field of influence between two charged bodies. 

Equivalent circuit. A diagrammatic arrangement of coils, resistors, 
and capacitors, representing the effects of a more complicated circuit 
in order to permit easier analysis. 

Excitation. The electrical energy which, when applied to a device, 
causes that device to produce an effect. Examples of excitation are the 
r-f voltage applied to a control grid of a vacuum tube, the r-f voltage 
applied to an oscillating crystal, the r-f impulses applied to a tuned 
circuit, or the voltage applied to the field winding of a dynamotor. 


Fading. Variations in the strength of a radio signal at the point 
of reception. | 
Farad. The unit of capacitance. One farad would be too large a 
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unit for practical purposes; therefore, microfarad and micromicro- 
farad are the units most frequently used. 

Feedback. A transfer of energy from the output circuit of a device 
back of its input. . 

Fidelity. The-degree of accuracy with which a system, or portion 
of a system, reproduces in its output the signal which is impressed on 
its input. 

Field. The space in which electrostatic or magnetic lines of force exist. 

Field intensity. Electrical strength of a field, measured in terms of 
microvolts per meter. The voltage the field is capable of inducing in an 
antenna one meter in length. 

Filament. See Directly heated cathode. 

Filter. A combination of resistances, inductances, and capacitances, 
or any one or two of these, which allows the comparatively free flow 
of certain frequencies or of direct current, while blocking the passage 
of other frequencies. An example is the filter used in a power supply, 
which allows the direct current to pass, but filters out the ripple. 

Filter capacitor. A capacitor that is used in a filter circuit. 

Filter choke. A choke that is used in a filter circuit. 

First detector. The vacuum tube in a superheterodyne receiver in 
whose circuit the signal being received and the local-oscillator signal 
are combined to produce the i-f signal. It is also called the mixer. 

Fixed bias. A bias voltage of constant value, as one obtained from 
batteries, a power supply, or a generator. 

Fized capacitor. A capacitor which has no provisions for varying its 
capacitance. 

Fixed resistor. A resistor which has no provisions for varying its 
resistance. | 

Free electrons. Electrons which are not bound to a particular atom, 
but move continuously about among the many atoms of a substance. 

Free oscillations. Oscillatory currents which continue to flow in a 
tuned circuit after the impressed voltage has been removed. Their 
frequency is the resonant frequency of the tuned circuit. 

Frequency. The number of complete cycles per second existing in 
any form of wave motion; as the number of cycles per second of an 
alternating current, or sound wave. 

Frequency deviation. See Deviation. 

Frequency distortion. Distortion which occurs as a result of failure 
to amplify or attenuate equally all frequencies present in a com- 
plex wave. 

Frequency doubler. An amplifier whose output circuit is resonant 
to the second harmonic of the input signal. The output frequency is 
double that of the input. 

Frequency meter. The same device as a wavemeter, except that it 1s 
calibrated to indicate frequency. 
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Frequency modulation. The process of varying the frequency of an 
r-f carrier wave in accordance with the amplitude and frequency of 
an audio signal. 

Frequency multiplier. An amplifier circuit which amplifies a har- 
monic. Its output frequency is some multiple of the original frequency. 

Frequency-response curve. A graphical representation of the manner 
in which a circuit responds to different frequencies within its operat- 
ing range. 

Frequency stability. The ability of an oscillator to maintain its 
operation at a constant frequency. 

Frequency tripler. An amplifier whose output circuit is resonant to 
the third harmonic of the input signal. The output frequency is three 
times that of the input. 

Full-wave rectifier corcuat. A circuit which utilizes both the positive 
and the negative alternations of an alternating current to produce a 
direct current. It may employ a double-diode rectifier tube or two 
separate diode rectifier tubes, or other unidirectional devices, such as 
copper-oxide elements. 

Full-wave rectifier tube. A tube containing two sets of rectifying 
elements for full-wave rectification (double-diode). 


Gain. The ratio of the output power, voltage, or current to the input 
power, voltage, or current. . 

Ganged tuning. Simultaneous tuning of two or more circuits by a 
single mechanical control. | 

Gas tube. A tube possessing certain desirable characteristics as a 
result of the presence of gas at low pressure. 

Grid bias. The d-e voltage applied between the grid and the cathode. 

Grid capacitor. A small capacitor in parallel with the grid resistor 
and in series with the grid lead in the grid circuit of a vacuum tube. 

Grid current. Current which flows between the cathode and the grid 
whenever the grid becomes positive with respect to the cathode. 

Grid detection. Detection by rectification in the grid circuit of a 
detector. 

Grid leak. A resistor placed in the grid circuit of a vacuum tube to 
provide a path to the cathode for the negative charge on the grid, thus 
providing bias voltage on the grid during both halves of the signal cycle. 

Grid-leak detection. See Grid detection. 

Grid modulation. Modulating an r-f carrier by varying the grid bias 
of an amplifier in accordance with the audio signal. 

Grid resistor. A general term used to denote any resistor in the 
erid circuit. | 

Grid return. The external conducting path for the return of grid 
eurrent to the cathode. 

Grid suppressor. A resistor occasionally connected between the 
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control grid and the tuned circuit to prevent undesired oscillations. 
Not to be confused with suppressor grid. 

Ground. A metallic connection with the earth to establish sround . 
potential. Also, a common return to a point of zero r-f potential, such 
as the chassis of a receiver or a transmitter. 

Ground wave. That portion of the transmitted radio wave that travels 
near the surface of the earth. 


Half-wave rectification. The process of rectifying an alternating 
current wherein only one-half of the input cycle 1s passed, the other 
half being blocked by the action of the rectifier, thus producing pulsat- 
ing direct current. 

Harmonic. An integral multiple of a fundamental frequency. (The 
second harmonic is twice the frequency of the fundamental. ) 

Harmonic distortion. Same as amplitude distortion. 

Heater. The tube element used to heat an indirectly heated cathode. 

Henry. The basic unit of measurement of inductions. Abbreviated h. 

Hertz antenna. An antenna system in which the ground is not an 
essential part. Its resonant frequency depends upon its distributed 
capacitance and inductance, which are determined by its physical length. 
(Compare with Marconi antenna.) | 

Heterodyne. The action between two alternating currents of differ- 
ent frequencies in the same circuit; they are alternately additive and 
subtractive, thus producing two beat frequencies which are the sum of, 
and difference between, the two original frequencies. 

Heaviside layer. See Ionosphere. 

High fidelity. The ability to reproduce all audio frequencies between 
50 and 10,000 cycles per second, without serious distortion. | 

High-frequency resistance. The resistance presented to the flow of 
h-f currents. See Skin effect and Radio-frequency resistance. 

High-level modulation. High-level modulation is modulation pro- 
duced at a point in a system where the power level approximates that 
at the output of the system. It is also called plate modulation. 


Image frequency. The carrier frequency of an undesired signal 
which is capable of combining with the frequency of the local oscillator 
in a superheterodyne, thus forming the intermediate frequency, and 
eventually being reproduced together with the desired signal. For ex- 
ample, if the intermediate frequency is 500 kilocycles, a locally gen- 
erated signal of 5,500 kilocycles, combined with signals of either 5,000 
or 6,000 kilocycles would result in the proper intermediate frequency. 
If the 5,000-kilocycle signal is the desired one, the 6,000-kilocycle is the 
image frequency. | 

Impedance. The total opposition offered to the flow of an alternating 
current. It may consist of any combination of resistance, inductive 
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reactance, or capacitive reactance. It is expressed in ohms, and its 
symbol is Z. 

Impedance coil. A coil primarily used to impede the flow of alternat- 
ing current by its inductive reactance. See Choke coul. 


Impedance coupling. The use of a tuned circuit or an impedance 


coil as the common coupling element between two circuits. 

Impulse. Any force acting over a comparatively short period of 
time. An example would be a momentary rise in voltage. 

Indtrectly heated cathode. A cathode which is brought to the tem- 
perature necessary for electron emission by a separate heater element. 
Compare with directly heated cathode. 

Inductance. The property of a circuit which tends to oppose a sicape 
in the existing current and is present only when the current is chang- 
ing. Its symbol is Z and its unit of measure is the henry (abbre- 
viated h). | 

Induction. The act or process of producing voltage by the relative 
motion of a magnetic field and a conductor. 

Inductive feedback. The transfer of energy from the plate circuit to 
the grid circuit of a vacuum tube by means of induction. 

Inductive reactance. The opposition to the flow of alternating or 
pulsating current due to the inductance pu: a circuit. It is measured in 
ohms, and its symbol is Xz. 

Inductor. A circuit element designed so that its inductance is its 
most important electrical property; a coil. 

In phase. The condition that exists when two waves of the same 
frequency pass through their maximum and minimum values of like 
polarity at the same instant. 

Instantaneous value. The magnitude at any particular instant when 
a value is continually varying with respect to time. 

Intelligence. The message or information conveyed, as by a modu- 
lated radio wave. 

Intensity. The relative strength of electric, magnetic, or vibrational 
energy. 

Interelectrode capacitance. The capacitance existing between the 
electrodes in a vacuum tube. 

Intermediate frequency. The fixed frequency to which all r-f carrier 
waves are converted in a superheterodyne receiver. 

Intermediate-frequency transformer. A transformer designed to re- 
spond most efficiently to a wave of a given intermediate frequency. 

Interrupter. A device for breaking up a continuous flow of current 
into pulses, so that they may be stepped up or down by transformer 
action. 

Inverse peak voltage. The highest negative voltage reached between 
a rectifier-tube plate and its cathode, 
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Ion. An atom which has lost one or more electrons and is therefore 
positively charged. 

Iomzation. The breaking up of atoms into ions. 

Ionosphere. Highly ionized layers of atmosphere from between 70 
and 250 miles above the surface of the earth. 


K. A symbol used to denote a constant, as, for example, dielectric 
constant. It is also used to represent a cathode. 

Key. A special form of switch capable of rapid operation, used to 
form the dots and dashes of code signals. 

Kilo. A prefix meaning one thousand. 

Kuilocycle. One thousand cycles per second. 


Lag. The amount one wave is behind another in time, expressed in 
electrical degrees. When two waves are out of phase, the one that 
reaches maximum or zero amplitude after the other is said to lag. 

LC. The product of the inductance and capacitance in a tuned cir- 
cuit. A value which remains constant for a given frequency. 

L/C. The ratio of inductance to capacitance. 

Lead. The opposite of lag. Also a term given to a wire or connection. 

Leakage. The electrical loss due to poor insulation. 

Level. Refers to either low-level or high-level modulation. 

Inmiter. That part of an f-m receiver which eliminates all variations 
in carrier amplitude, thus removing all noise present in the carrier as 
amplitude modulation. 

Iinear. Having an output which varies in direct proportion to its 
input. 

Load. The output power required, or the impedance through which 
energy 18 being supplied. 

Loading coil. A coil inserted in a circuit to increase the total induct- 
ance without providing coupling with another circuit. 

Local oscillator. The oscillator used in a superheterodyne receiver 
whose output is heterodyned with the desired r-f carrier to form the in- 
termediate frequency. 

Loop antenna, An antenna consisting of one or more complete turns 
of wire, designed for directional transmission or reception. 

Loose coupling. Less than optimum coupling. Coupling providing 
little transfer of energy. 

Loudspeaker. A device which converts a-f electrical impulses to rela- 
tively strong sound impulses. | 

Low-level modulation. Low-level modulation is modulation produced 
at a point in a system where the power level is low compared with the 
power level at the output of the system. 
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Magnet. A magnetic material possessing the property of attracting 
other magnetic substances, or of repelling them, if of like polarity. ° 

Magnetic circuit. The complete path of magnetic lines of force. 

Magnetic field. The space in which a magnetic force exists. 

Marconi antenna. An antenna system of which the ground is an 
essential part, as distinguished from a Hertz antenna. 

Master-oscillator power amplifier. A transmitter using an oscillator 
followed by one or more stages of r-f amplification. 

Matched impedance. The condition which exists when two coupled 
circuits are adjusted so that the impedance of one circuit equals the 
impedance of the other. | 

Maximum undistorted power. The maximum power obtainable with 
less than 5 percent mean effective distortion. 

Mechanical axis. The Y-axis of a erystal. 

Meg. A prefix indicating one million. 

Megohm. One million ohms. 

Mho. The unit of conductance. It is equal to the reciprocal of resist- 
ance. 

Micro. A prefix indicating one-millionth. 

Microfarad. One-millionth of a farad. 

Microphone. A device for converting sound energy into electrical 
energy. | 

Milli. A prefix indicating one-thousandth. 

Milliampere. One-thousandth of an ampere. 

Mixer. A vacuum tube and suitable circuit used to combine the in- 
coming and local-oscillator frequencies to produce an intermediate 
frequency. See First detector. 

Modulated amplifier. The amplifier stage of a transmitter mn which 
the r-f carrier is electrically varied or modulated in accordance with 
another signal such as voice, tone, or visual signals (television). 

Modulated carrier. An r-f carrier whose amplitude or frequency has 
been varied in accordance with the intelligence to be conveyed. 

Modulation. The process of varying the amplitude or the frequency 
of a carrier wave in accordance with other signals in order to convey 
intelligence. The modulating signal may be an audio-frequency signal, 
video signal (as in“television), or even electrical pulses or tones to 
operate relays, ete. | 

Modulator. That part of a transmitter which supples the modulating 
signal to the modulated circuit, where it can act upon the carrier wave. 

Molecule. The smallest known particle of any compound or element 
which still retains the chemical and physical properties of that material. 

Multi-electrode tube. A vacuum tube containing more than three 
electrodes associated with a single electron stream. 

Multt-unit tube. A vacuum tube containing within one glass or 
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metal envelope two or more groups of electrodes each associated with 
separate electron streams. | 
Mutual conductance. See Control-grid-plate transconductance. 
Mutual imductance.. A circuit property existing when the relative 
positions of two inductances cause the magnetic lines of force from 
one inductance to link with the turns of the other inductance. 


Mutual-inductive coupling. Coupling of two cireuits by means of 
their mutual inductance. 


Neon bulb. A glass bulb containing two electrodes in neon gas at 
low pressure. When a voltage equal to or greater than its breakdown 
voltage is applied, ionization takes place and a pink glow appears. 

Network. Any electrical circuit containing two or more intercon- 
nected elements. 

Neutralization. The process of nullifying the voltage fed back 
through the interelectrode capacitance of an amplifier tube, by provid- 
ing an equal voltage of opposite phase. Generally necessary only with 
triode tubes. 

Neutrahzimg voltage. The voltage developed in the plate circuit (Ha- 
zeltine neutralization) or in the grid circuit (Rice neutralization), used 
to nullify or cancel the feedback through the tube. 

Node. A zero point. Specifically, a current node is a point of zero 
current, while a voltage node is a point of zero voltage. 

Nomnductive capacitor. A capacitor so designed and constructed 
that the inductive effects within it are reduced to a minimum. 

Nomnductive circuit. A circuit in which the inductance is reduced 
to a minimum or is of negligible value. 


Nonlinear. Having an output which does not vary in direct propor- 
tion to its input. 


Ohm. The unit of electrical resistance. 

Ohmic resistance. Resistance to the flow of direct current. 

Ohni’s Law, A fundamental law of electricity. It expresses the defi- 
nite relationship existing between the voltage EZ, the current J , and the 
resistance R: H=I™X R. 

Open circuit. A circuit which does not provide a complete path for 
the flow of current. 

Optical axis. The Z-axis of a erystal. 

Optimum coupling. See Critical coupling. 

Oscillations. See Free oscillations. 

Oscillator, A circuit generally using a vacuum tube capable of con- 
verting direct current into alternating current of a frequency deter- 
mined by the inductive and capacitive constants of the circuit. 

Oscillatory current. A current whose direction of flow periodically 
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reverses as a result of a balance between the inductance and vapack 
tance in the cireuit through which it flows. 

Oscillograph. See Oscilloscope. 

Oscilloscope. An instrument for showing visually graphical repre- 
sentations of the waveforms encountered in electrical circuits. 

Output. The energy delivered by a device or circuit, such as a radio 
receiver or transmitter. 

Output transformer. A transformer used to couple the plate cireuit 
of a power tube, or tubes, to a load, such as a loudspeaker. 

Overload. A load greater than the rated load of an electrical device. 

Over-modulation. More than 100-percent modulation. In amplitude 
modulation, over-modulation produces positive peaks of more than 
twice the carrier’s original amplitude and brings about complete 
stoppage of the carrier on negative peaks, thus causing distortion. 


Padder capacitor. An adjustable capacitor used in conjunction with 
a main tuning capacitor when ganged tuning of several stages is em- 
ployed. Its purpose is to permit adjustments for proper tracking of a 
local oscillator. 

Parallel circwit. Two or more electrical devices so connected that the 
line current may divide between them. Also called a shunt circuit. 


Parallel feed. Application of the d-c voltage to the plate or grid of 


a tube in parallel with the a-e circuit, so that the d-e and the a-c com- 
ponents flow in separate paths. Also called shunt feed. 

Parallel-resonant circuit. A resonant circuit in which the applied 
voltage is connected across a parallel circuit formed by a capacitor and 
an inductor. 

Peak plate current. The maximum instantaneous plate current pass- 
ing through a tube. 

Peak value. The maximum instantaneous value of a varying current, 
voltage, or power. It is equal to 1.414 times the effective value of a sine 
wave. 

Pentode. A five-electrode vacuum tube containing a cathode, control 
grid, screen grid, suppressor grid, and plate. 

Percentage modulation. A measure of the degree of change in a 
carrier wave caused by the modulating signal, expressed as a percentage. 

Phasing capacitor. A small capacitor used in a erystal-filter circuit 
to neutralize the capacity of the crystal holder. 

Phase difference. The time electrical degrees one wave leads or lags 
another. | 

Prezo-electric effect. Effect of producing a voltage by placing a stress, 
either by compression and expansion, or by twisting, on a crystal; and 
conversely, producing a stress in a erystal by applying a voltage to it. 

Plate. The principal electrode in a tube to which the electron stream 
is attracted. See Anode. 
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Plate circuit. All the cireuit elements connected externally between 
the plate and the cathode of a vacuum tube. 

Plate current. Current flowing in the plate circuit between the plate 
and the cathode of a vacuum tube. 

Plate detection. The operation of a vacuum-tube detector at or near 
plate current cut-off, so that rectification of the input signal is 
accomplished in the plate circuit. 

Plate dissipation. Power in watts used up at the plate in the form 
of heat. | 

_ Plate efficiency. The ratio of the a-c power output from a tube to 
the average d-c power supplied to the plate circuit. 

Plate wmpedance. See Plate resistance. 

Plate keywng. Keying a radiotelegraph transmitter by interrupting 
the flow of plate current in the plate circuit. 

Plate-load impedance. The impedance in the plate circuit across 
which the output-signal voltage is developed by the alternating com- 
ponent of the plate current. 

Plate modulation. Modulation of a class C r-f Sulina by varying 
the plate voltage in accordance with the audio signal. 

Plate resistance. The internal resistance to the flow of alternating 
current between the cathode and plate of a tube. It is equal to a small 
change in plate voltage divided by the corresponding change in plate 
current, and is expressed in ohms. It is also called a-c resistance, 
internal impedance, pe impedance, and dynamic plate impedance. 
Its symbol is 15. 

Plate voltage. The d-e potential applied between the plate and cathode 
of a tube. 

Potential difference. The voltage existing between two points. An 
example would be a voltage drop across an impedance from one end 
to another. 

Potentiometer. A variable voltage divider. A resistor which has a 
varlable contact arm so that any portion of the potential applied 
between its ends may be obtained. 

Power. The rate of doing work or the rate of expending energy. 
The basic unit of electrical power is the watt. 

Power amplafication. The process of amplifying a signal to produce 
a gain In power as distinguished from voltage amplification. The gain 
is the ratio of the alternating power output to the alternating power 
input of an amplifier. 

Power amplifier. An amplifier designed to produce a gain in signal 
power, as distinguished from a voltage amplifier. 

Power detector. Any detector tube operating with plate voltage 
sufficiently high to allow handling of strong input signals without 
appreciable distortion. 
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Power factor. In alternating or pulsating current the ratio of the 
actual power as measured by a wattmeter, to the apparent power as 
indicated by ammeter and voltmeter readings. For an inductor, 
capacitor, or insulator, it is an expression of the losses. 

Power pack. An apparatus which adapts the available power to the 
needs of vacuum-tube plate, grid, and heater circuits In receivers 
and transmitters. 

Power transformer. A transformer used to change a supply voltage 
to the various higher and lower values required for vacuum-tube 
plate, heater, and bias circuits. 

Power tube. A vacuum tube designed to handle a greater amount 
of power than the ordinary voltage-amplifying tube. 

Power unit. See Power pack. 

Primary circuit. The first, in electrical order, of two or more coupled 


circuits, wherein a change in current flow will induce a voltage in the 


other, or secondary, circuits. 

Primary emission. The emission of electrons due to primary causes, 
such as the heating of a cathode, and not to secondary effects, such 
as electron bombardment. 

Propagation. See Wave propagation. 

Proton. The positive particles of an atom. The smallest quantity 
of positive electricity which can exist in a free state; associated with 
electrons, it makes up the atom. 

Pulsating current. A direct current which increases and decreases 
in value. 

Push-pull amplifier. Two vacuum tubes whose grids are excited with 
equal voltages 180° out of phase, and whose plate outputs are combined 
by means of a center-tapped output circuit. 

Push-push doubler. An amplifier used for frequency doubling, 
consisting of two vacuum tubes with their grids (input) connected 
in push-pull and their plates (output) in push-push, or parallel. 


Q. The symbol of merit or efficiency of a circuit or a coil. Numerically, 
it is equal to the inductive reactance divided by the resistance of a 
circuit or coil. 

Quarte-crystal oscillator. A erystal-controlled oscillator in which the 
erystal is a plate of quartz. See Crystal oscillator. 

Quench frequency. The number of times per second that a circuit is 
caused to go in and out of oscillation. See Superregeneration. 


Radar. An electronic radio detection and ranging system employing 
microwaves and ultra-high frequencies for determining the azimuth 
location, height, speed and number of aircraft, and/or the location, 
speed, and number of water vessels. 

Radiate. To send out energy into space; as in the case of r-f waves. 
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Radiation resistance. An arbitrary term used to express the power 
radiated by an antenna. It is that amount of resistance which, if 
inserted in the antenna at a point of maximum current, will consume 
the same amount of power that is radiated by the antenna. 

Radio. The science of communication in which r-f waves are used 
to carry intelligence through space. 

. Radio channel. A band of adjacent frequencies of a width sufficient 
to permit its use for radio communication. . 

Radio frequency. Any frequency of electrical energy capable of 
propagation into space; r-f frequencies are normally much higher than 
those associated with sound waves. 

Radio-frequency amplification. The amplification of a radio wave 
by a receiver before detection, or by a transmitter before radiation. 

Radio-frequency choke. An air-core coil used to impede the flow 
of r-f currents. 

Radio-frequency component. That portion of a signal or wave which 
consists of only the r-f alternations, and not including its audio rate 
of change in amplitude or frequency. 

Radio-frequency resistance. The resistance offered by a conductor 
to the flow of a r-f current. (A conductor offers more resistance to h-f 
currents than to 1-f or direct currents.) See Skin effect. 

Radio-frequency transformer. A transformer designed to transfer 
r-f energy from one circuit to another. It may have either an air or 
small iron core, depending on the frequencies to be handled. 

Ratio. The value obtained by dividing one number by another, 
indicating their relative proportions. 

Reactance. The opposition offered to the flow of an alternating 
current due to the inductance, capacitance, or combination of both in 
any circuit. Its symbol is X. 

Reactance cowl. An inductive reactance used to oppose the flow of an 
alternating current. A choke coil. 

Reactance-tube modulator. A modulator used in the Crosby system 
of frequency modulation, in which the modulator tube is made to act 
aS a varying reactance in the oscillator circuit. 

Reciprocal. The reciprocal of a quantity is 1 divided by that quantity. 

Rectifier. A device used to change alternating current to unidirec- 
tional current (direct current). | 

Reflected impedance. See Coupled impedance. 

Reflection. The turning back of a radio wave from the surface 
of the earth or the ionosphere. 

Refraction. The bending, or change in the direction of a radio 
wave in passing into the ionosphere. This effect will turn the wave 
back to earth if the angle of attack is not too great. 

Regeneration. The process whereby a part of the output power of 
an amplifying device is returned to its input circuit in such a manner 
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that it reinforces the grid excitation, thereby increasing the total 
amplification. 

Reluctance. The opposition to magnetic flux. 

Resistance. The opposition to the flow of current as determined 
by the nature and physical dimensions of a conductor. 

Resistance coupling. A method of transferring energy from one 
circuit to another by means of resistance common to both circuits. 

Resistor. A circuit element whose chief characteristic 1s resistance 
and which is used to oppose the flow of current. 

Resonance. The condition existing in a circuit when the values of 
inductance, capacitance, and the applied frequency are such that the 
inductive reactance and capacitive reactance cancel each other. 

Resonance curve. A graphical representation illustrating the manner 
in which a tuned circuit responds to the various frequencies in and 
near the resonant frequency. 

Resting frequency. The initial frequency of the carrier wave of 
an f-m transmitter before modulation. Also called the center frequency. 

Rheostat. A variable resistor. 

Ripple voltage. The fluctuations in the output voltage of a rectifier, 
filter, or generator. 

RMS. Abbreviation of root mean square. The effective value. In 
a sine wave, it is 0.707 times the maximum value. 


Saturation. That condition in any cireuit which exists when an 
increase in the actuating component produces no further change in 
the resultant effect. 

Saturation current. The current produced in the plate circuit of 
a, tube when all of the electrons emitted by the cathode pass to the plate. 
Tt is sometimes referred to as the emission current. 

Saturation point. That point beyond which an increase in either the 
grid voltage, plate voltage, or both, produces no increase in the existing 
plate current. 

Screen dissipation. Power given off in the form of heat by the screen 
grid as a result of bombardment by the electron stream. 

Sereen grid. An electrode placed between the control grid and the 
plate of a vacuum tube to reduce the interelectrode capacitance. 

Screen-grid modulation. Modulation accomplished by introducing an 
audio voltage on the screen grid of the modulated tube. 

' Second detector. That portion of a superheterodyne receiver that 
separates the audio component from the modulated intermediate 
frequency. | 

Secondary. The output coil of a transformer. See Primary. 

Secondary emission. Emission of electrons knocked loose from the 
plate or grid of a vacuum tube by the impact or bombardment of 
electrons arriving from the cathode. 
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Selectivity. The degree to which a receiver 1s capable of discriminat- 
ing between signals of different carrier frequencies. 

Self-bias. Biasing a tube by utilizing the voltage drop developed 
across a resistor through which either its plate or grid current flows. 

Self-excited oscillator. An oscillator depending on its resonant cir- 


cuits for frequency determination. See Crystal oscillator. 


Self-induction. The action in which a counter electromotive force 
is produced in a conductor when the conductor’s own magnetic field 
collapses and expands with a change in current flow. 

Sensitivity. The degree of response of a radio circuit to signals of the 
frequency to which it is tuned. 

Series circuit. The arrangement where two or more electrical devices 
are connected so that the total current must flow through each of them 
In turn. | 

Series feed. Application of the d-c voltage to the plate or grid of 
a tube through the same impedance in which the alternating current 
flows. See Parallel feed. 

Series-resonant circuit. A resonant circuit in which the capacitor 
and the inductor are in series with the apphed voltage. 

Series resonance. The condition existing in a circuit when the source 
of emf is in series with an inductance and capacitance whose reactances 
cancel each other at the applied frequency, reducing the impedance 
to minimum. 

Sharp tuning. Very high selectivity. 

Shielding. Metallic covering used to prevent magnetic or electro- 
static coupling between adjacent circuits. 

Short circwit. A low impedance or zero impedance path between 
two points. 

Short wave. Refers to radio operation on frequencies higher than 
those used for commercial broadcasting at the present time. The range 
of frequencies extending from 1,500 kilocycles to 30,000 kilocycles. 

Shunt. Same as parallel. A parallel resistor placed In an ammeter 
to increase its range. © 

Shunt feed. Application of the d-e plate or grid voltage without 
passing through the a-c load impedance. See Parallel feed. 

Side bands. The new frequencies, both above and below the carrier 
frequency, produced as a result of modulation of a carrier. 

Side-band power. The power contained in the side bands. It is this 
power to which a receiver responds, not to the carrier power, when re- 
eelving a modulated wave. 

Sine wave. A wave in which the amplitude varies as the sine of the 
angle; the waveform of a normal alternating current or voltage. 

Sinusoidal. Having the form of a sine wave. 

Shin effect. The tendency of h-f currents to flow near the surface of 
a conductor, thus being restricted to a small part of the total cross- 
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sectional area and producing the effect of increasing the resistance. See 
Radwo-frequency resistance. 

Skip distance. The distances on the earth’s surface between the points 
where a radio sky wave is successively reflected between the earth and 
the ionosphere. 

Skip zone. The space or region within the transmission range wherein 
signals from a transmitter are not received. It is the distance between 
the farthest point reached by the ground wave and the nearest point 
at which the refracted sky waves come back to earth. 

Sky wave. That portion of a radiated wave which travels in space 
and is returned to earth by refraction in the ionosphere. 

Soft tube. A vacuum tube whose characteristics have been adversely 
affected by the presence of gas in the tube. Not to be confused with 
those tubes designed to operate with some gas present within them. 

Solenoid. An inductor wound in a manner to give high magnetic 
density. A coil with closely wound turns of many layers. 

Space charge. The negative charge due to the cloud of electrons ex- 
isting in the space between the cathode and plate in a vacuum tube, 
formed by the electrons emitted from the cathode in excess of those 
immediately attracted to the plate. 


Space current. The total current flowing between the cathode and — 


all the other electrodes in a tube. This includes the plate current, grid 
current, screen-grid current, and any other electrode current which 
may be present. 

Speech amplifier. An a-f voltage amplifier for amplifying signals 
from a microphone. 

Stability. Freedom from undesired variation. » 

Standing wave. The current and voltage waves present on a trans- 
mitting antenna, or on resonant. feeders. 

Static. Any electrical disturbance caused by atmospheric conditions. 
Also, a fixed, nonvarying condition; without motion. 

Static characteristics. The characteristics of a tube taken with no 
output load and with d-e potentials applied to the grid and plate. 

Superheterodyne. A receiver in which the incoming signal is mixed 
with a locally generated signal to produce an intermediate frequency 
which is then amplified and detected a second time to produce the audio 
frequency. 

Superregeneration. A method used to produce greater regeneration 


than otherwise possible without the harmful effects of oscillation. See 


Quench frequency. 


Suppressor. A resistor in the grid circuit used to reduce or prevent 
oscillation or the generation of unwanted r-f signals, such as those 
radiated from the spark plugs of a gasoline engine. 


Suppressor grid. An electrode used in a vacuum tube to minimize 
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the harmful effects of secondary emission from the plate. Not to be 
confused with grid suppressor. 

Surges. Sudden increases of current or voltage in a cireuit. 

Surge impedance. The characteristic impedance of a transmission 
line. When a transmission line is terminated in a load equal to its surge 
impedance, no reflection will occur and no standing waves will appear. 

Sweep circuit. That part of a cathode-ray oscilloscope which pro- 
vides a time-reference base. . | 

Swing. The periodic variation in frequency or amplitude of an elec- 
trical quantity. 

Swinging choke. A choke coil so designed that its effective inductance 
varies with the amount of current passing through it. It is used in 
power-supply filter circuits. 

Switch. A device used to open or close an electrical circuit. 

Symbol. A sign, mark, letter, or diagram used to represent a device 
or quantity. 

Synchronous. Happening at the same time; having the same period 
and phase. 


Tank circwit. A tuned circuit used in connection with a vacuum 
tube. It is so called because of its ability to store energy temporarily. 

Temperature coefficient. A factor used to calculate the change in the 
characteristics of a substance, device, or circuit element, with changes 
in its temperature. Examples: the shift in frequency of a crystal per 
degree change in temperature; and the change in the resistance of a 
resistor per degree change in temperature. 

Tetrode. A four-electrode vacuum’ tube containing a cathode, control 
grid, screen grid, and plate. 

Thermionic emission. Electron emission obtained by heating an 
emitter. 

Thermocouple ammeter. An ammeter which operates by means of a 
voltage produced by the heating effect of a’ current passed through the 
junction of two dissimilar metals. It is used for r-f measurements. 

Thoriated filament. A vacuum-tube filament coated with thorium 
for better emission. | 

Thyratron. A trade name for a certain type of grid-controlled triode 
tube which contains gas. 

Tight coupling. More than enough coupling to give maximum trans- 
fer of energy at the resonant frequency. Greater than optimum 
coupling. 

Tone control. A method of emphasizing either low or high tones at 
will in an a-f amplifier. 

Tone modulation. A type of code-signal transmission obtained by 
causing the r-f carrier amplitude to vary at a fixed audio frequency. 

Tracking. The process of adjusting the individual tuning action of 
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each of several stages which are gang-tuned so that a given tuning 
change in the central control will result in an’ equal frequency change 
in each stage at any point over the tuning range. 

Transconductance. See Control-grid-plate transconductance. 

Transformer. Two or more coils, linked by magnetic lines of force, 
used to transfer energy from one circuit to another. 

Transformer coupling. Coupling of circuits by means of a trans- 
former. 

Transmission line. Any conductor or system of conductors used to 
earry electrical energy from its source to a load. 

Transposition blocks. Spreaders used to space and reverse at fixed 
intervals the relative position of two conductors. 

Trimmer capacitor, A small variable capacitor used to adjust main 
tuning capacitors so that they will track properly. 

Triode. A three-electrode vacuum tube, containing a cathode, control 
erid, and plate. 

Tuned circuit. A resonant circuit. 

Tuned feeders. A resonant feeder system. The length is critical. 

Tuned filter. A resonant circuit connected between two circuits to 
prevent the passage of signals of its own resonant frequency. 

Tuned-plate tuned-grid oscillator. A vacuum-tube oscillator which 
has resonant circuits in both its grid and plate circuits, with no in- 
ductive coupling between them. 

Luned radio-frequency amplifier. A tuned amplifier designed to 
operate at radio frequencies, and using resonant-circuit coupling. 

Tuned radio-frequency transformer. A transformer used for selec- 
tive coupling in r-f stages. | 


Tunng. The process of adjusting a radio circuit to resonance with 
the desired frequency. 


Ultra-high frequency. Any frequency above 300 megacycles. 

Undamped wave. A wave which has an unchanging amplitude. 

Under-modulation. Insufficient modulation. 

Umdirectional. Flowing in one direction only. A unidirectional cur- 
rent is direct current. 

Umt. The measurement. reference; one. 


Vacuum. From a practical viewpoint, a condition where sufficient 
air has been removed from a container so that any remaining air will 
not affect the characteristics of the device beyond an allowable amount. 
Theoretically, a perfect vacuum is space from which all the air and 
gases have been removed; this is never attained in actual practice. 

Vacuum tube. A device which consists of several electrodes in an 
evacuated enclosure, which operates on electronic principles. 
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~ Vacuum-tube characteristics. Data that show how a vacuum tube 
will operate under various electrical conditions. 

Vacuum-tube rectifier. A tube which changes an alternating current 
to a unidirectional pulsating direct current. 

Vacuum-tube voltmeter. A vacuum-tube system that uses either or 
both the amplifier and rectified characteristics of a vacuum tube to 
measure either d-c or a-c voltages. Its input impedance is very high, 


and the current used to actuate the meter movement is not taken from 


the circuit being’ measured. It can be used to obtain accurate measure- 
ments in sensitive circuits. 

Variable capacitor. A capacitor whose capacitance may be continu- 
ously varied from maximum to minimum by mechanical means. 

Variable-mu tube. A vacuum tube whose control grid is irregularly 
spaced, so that at different poimts within its operating range the grid 
exercises a different amount of control on the electron stream. This 
shifts the operating point from one section of its characteristic curve 
to another, thus changing the amplification factor. 

Variable resistor. A resistor whose electrical value can be changed 
mechanically. 

Variocoupler. Two independent inductors, so arranged mechanically 
that their mutual inductance (coupling) can be varied. 

Variometer. A variocoupler having its two coils connected in series, 
and so mounted that the movable coil may be rotated within the fixed 
coil, thus changing the total inductance of the unit. 

Vectors. Two or more lines whose relative length and direction are 
used in calculating the relations between their corresponding quantities. 

Very high frequency. Generally, those frequencies from 30 to 300 
megacycles. | 

Vibrator. A mechanical-electrical device used to change a continuous 
steady current into a pulsating current. 

Vibrator power supply. A power supply using a vibrator to produce 
the varying current necessary to actuate a step-up transformer, the 
output of which is then rectified and filtered. 

Volt. The basic unit of electrical pressure. 

Voltage. A term used to signify electrical pressure. 

Voltage amplification. The process of obtaining an increase in output 
voltage over the input-voltage value. 

Voltage divider. A resistor which is connected across the output of 
a power source with mechanical provision for connecting the local 
load circuits in parallel across part or all of the resistor, thereby obtain- 
ing the desired voltage. | 

Voltage doubler. A method of increasing the voltage through rectifi- 
cation of both halves of a cycle and causing the outputs of each to be 
additive. | 

Voltage drop. The difference in voltage between two points. It is the 
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result of the loss of electrical pressure as a current flows through an 
impedance. 

Voltage regulation. A measure of the degree to which a power source 
maintains its output-voltage stability under varying load conditions. 

Volume. A term used to denote the sound intensity (amount of audio 
output) of a recelver or audio amplifier. 

Volume control. A device for controlling the output volume. 


Watt. The basic unit of electrical power. 

Wave. When used loosely, it means an electrical impulse period- 
ically changing in intensity and travelling through space. More accu- 
rately, it is the graphical representation of the intensity of that impulse 
over a period of time. 

Waveform. The shape of the wave obtained when instantaneous 
valuez of a-c quantities are plotted against time in rectangular co- 
ordinates. | 

Wavelength. The distance in meters traveled by a wave during the 
time interval of one complete cycle. It is equal to the velocity divided 
by the frequency. 

Wavemeter. A device which is calibrated to indicate the length in 
meters of the wave to which it is tuned. 

Wave propagation, The radiation, as from an antenna, of r-f energy 


into space. 


X. The symbol for reactance. 

X,y. The symbol for capacitive reactance. 

X,. The symbol for inductive reactance. 

X-cut crystal. A crystal so cut that its major flat surfaces are per- 
pendicular to an electrical (X) axis of the original quartz crystal. 

XY-cut crystal. A crystal so cut that its characteristics are between 
those of the X-cut and the Y-cut crystals. It has a very low tempera- 
ture coefficient. 


Y-cut crystal. A crystal so cut that its major flat surfaces are per- 
pendicular to a mechanical (Y) axis of the original quartz crystal. 


Z. The symbol for impedance. 

Zero beat. The condition where two frequencies are exactly the same, 
and therefore produce no beat note. 

Zero bias. A condition in which there is no potential difference be- 
tween the control grid and the cathode. 

Zero-bias tube. A vacuum tube which is so designed that it may be 
operated as a class B amplifier without applying a negative bias to its 
control grid. Examples of these are the VT_63 (commercial type 46) 
and the commercial types 838 and ZB-120. 
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APPENDIX Il 


SUMMARY OF FORMULAS 





|. D-c Circuits 





Volts E 
. OHM’ = ae 
a. Oum’s Law Amperes ee ( RP ) 
Volts =AmperesxXohms (H=IXR) 
__ Volts E 
oy = Amperes ( N= ) 
b. POWER. Watts =Voltsxamperes (P=H XI). 


c. RESISTANCE IN SERIES. Rrotrap=AitRotRot..... 


d. RESISTANCES IN PARALLEL. Z : Spee tice ite tse tna eae, 





Ruquiv Ri’ Ry! Rs Ra’ Rs 
or: 
Poo ee a 
R gis Se as ae 
EQUIV R, Rs Rs RB, RB, a 
Rixk 
e. Two RESISTORS IN PARA » = : 
RALLEL EQUIV pop 
2. A-c Circuits 
a. CURRENT, VOLTAGE, IMpEDANCE. H=I1XZ; i= 7, Z=>. 


b. INDUCTIVE REeacTaNncEe. X, (ohms) =27fL. 





c. CAPACITIVE REACTANCE. X, (ohms) ey Ae 
2nfC 
_ | a a 
d. ImpEDANCE. JZ (ohms) = V Rt (afb 5 : 
2nfC 
e. INDUCTORS IN SERIES. Lrorayp =Iyt+LetLgt...... | 
1 


ennace 


f. InpuctTors IN PARALLEL. hag ae Es 
LIL, Ly Ls 


1 
Te oe eo 
g. CAPACITORS IN SERIES. GC rouiv = a oe ee 
Cy Cy C3 
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h. CAPACITORS IN PARALLEL. Croran=Ci+Co+C3+t... 


¢. CONDITION OF RESONANCE. Xz, =Xc 


1 
2rfL OC. 


y. RESONANT FREQUENCY OF A TUNED CIRCUIT. 


1 
ce a 
J (eps) 20V LC 
3. Radio Frequency 


Frequency and wavelength relations: 
300,000,000 
Frequency (in cycles) 


_ 300,000,000 
Wavelength (in meters) 


Wavelength (in meters) = 


Frequency (in cycles) 


4. Horizon Distance 
a. Horizon distance can be calculated from the formula: 
S=1.42/7 
where S is the distance in miles and H is the height of observer’s eyes 
in feet. 
b. The table which follows gives the horizon distance for various 
heights of antenna above ground level. | 


Height of 





antenna L imit of 
shove optical 
eamne anes, 
D 3.2 
20 6.4 
o0 | 10.0 
100 14.2 
200 32.0 
_ 1,000 45.0 
2000 63.5 
3,000 78.0 
5,000 100.0 
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APPENDIX IV 


RMA RADIO COLOR CODES 





|. General 

Standard color codes have been adopted by the American Radio 
Manufacturers Association, and this accepted system of color coding 
makes easy the identification of the values and connections of standard 


components. 


2. Resistors and Capacitors 
a. For identification of small, carbon type resistors and midget mica 
capacitors, value numbers are represented by the following colors: 


0 black 5 green 
1 brown 6 blue 
2 red 7 violet 
3 orange 8 eray 
4 yellow 9 white 


Three colors are used on each resistor to identify its value. The body 
color represents the first figure of the resistance value; one end (or tip ) 
is colored to represent the second figure, and a colored band or dot 
near the center of the resistor gives the number of zeros following the 
first two figures. 

b. Small mica capacitors are similarly marked with three colored 
dots, with an arrow or other symbol indicating the sequence of colors. 
Readings are in micromicrofarads. 


3. I-f Transformers 
Leads on i-f (superheterodyne) transformers are colored as follows: 


BIGG 2) 6.cew be eesewan plate lead to tube. 
OG.” kgae chaw ho eeseaed B+. lead (to power). 
Green: vatsw acu ww ena grid (or diode) lead. 
BEE ota 4 aera ran iets grid (or diode) return. 


4. A-f Transformers 
Leads on a-f transformers (including also line-to-grid and tube-to- 
line transformers) are colored as follows: 


PO cead ay a cg ea cde aera ee plate (finish) lead of primary. 
TROY: big Biers teense bce hee area B+ lead. | 

Brown. 2.2.20 bake sed plate (start) lead of primary. 
GECCR: tiatic amends sues 4 grid (finish) lead to secondary. 
Bla Ke Sd. aoe AG ae hae 2 grid-return lead. 

MeO ace k tater a ope e grid (start) lead to secondary. 
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5. Loudspeaker Coils 


a. Leads to voice coils are colored: 


b. Leads to field coils are colored: 


Black and red ...... 
Yellow and red ..... 
Slate and red ....... 


6. Power Transformers 


finish, 
tap (if any is used). 


Leads on power transformers are colored: 


a. Primary leads 


If tapped: Common .. 


b. Secondary leads: 
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High-voltage plate 


WAN OS 25 sap aoa a8 
Center tap ..... 


Rectifier filament 


WANING” so6%e ack aot eens 
Center tap ..... 
Filament winding 1... 
Filament winding 2... 
Filament winding 38... 


.. black. 
. black. 


black and yellow, striped. 


black and red, striped. 


red. 
red and yellow, striped. 


yellow. 
yellow and blue, striped. 


. green. 
. brown. 
. slate. 
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APPENDIX V 


MULTIPLES AND SUBMULTIPLES 


Ampere — 1,000,000 microamperes 
Ampere — 1,000 milliamperes 
Cycle — 0.000,001 megacycle 
Cycle — 0.001 kilocycle 
Farad — 1,000,000,000,000 micro- 
microfarads 
Farad . — 1,000,000 microfarads 
Farad — 1,000 millifarads 
Henry — 1,000,000 microhenrys 
Henry — 1,000 millihenrys 
Kilocyele —= 1,000 cycles 
Kilovolt — 1,000 volts 
Kilowatt = 1,000 watts 
Megacycle — 1,000,000 cycles 
Megohm = 1,000,000 ohms 
Mho — 1,000,000 micromhos 
Mho — 1,000 millimhos 
Microampere = 0.000,001 ampere 
Microfarad — 0.000,001 farad 
Microhenry = 0.000,001 henry 
Micromho — 0.000,001 mho 
Micro-ohm = 0.000,001 ohm 
Microvolt — 0.000,001 volt 
- Microwatt = 0.000,001 watt 
Micromicrofarad = 0.000,000,000,001 farad 
Micromicro-ohm = 0.000,000,000,001 ohm 
Milliampere -= 0.001 ampere 
Millihenry = 0.001 henry 
Millimho = 0.001 mho 
Millohm = 0.001 ohm 
Millivolt = 0.001 volt 
Milliwatt = 0.001 watt 
Volt = 1,000,000 microvolts 
Volt — 1,000 millivolts 
Watt = 1,000,000 microwatts 
Watt = 1,000 milhwatts 
Watt — 0.001 kilowatt 
METRIC PREFIXES 
1 
1,000,000 One-millionth micro- 
1 
1,000 One-thousandth milli- 
1 
100 One-hundredth centi- 
Es 
10 One-tenth deci- 
I One uni- 
10 Ten deka- 
100 One hundred hekto- 
1,000 One thousand kilo- 
1,000,000 One million mega- 
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APPENDIX VI 


KILOCYCLE-METER CONVERSION 


cS 


|. General 
endency in radio practice to think and deal 


a. There is an increasing t : 
les, rather than in 


with radio waves in terms of frequencies in kilocye 
terms of wavelengths in meters. “Kilo” means a thousand, and “cycle” 
means one complete alternation. The number of kilocycles indicates the 
number of thousands of times that the rapidly alternating current In 
the antenna repeats its flow in either direction in one second. | 

b. The numerical relation between frequency and wavelength 1s 
given by the following rule (for approximate calculations) : 


. 300,000,000 
Frequency (in cycles per second ) = Wavelength (in meters) 


But for very accurate conversion, the factor 299,820,000 is used instead 
of 300,000,000; this rule 1s based on the fact that the velocity of radio 


waves in space has been very accurately computed to be 299,820,000 


meters per second. 


2. Table VIII | 

Table VIII gives accurate values of kilocycles (not cycles ) cor- 
responding to any number of meters, and vice versa. It Is based on 
the factor 299,820,000, and gives values for every 10 kilocycles or 
It should be particularly noticed that the table 1s 
thus 50 kilocyeles are equal to 5,996 meters, and 
vice versa. It is suggested that the student make frequent use of the 
table to accustom himself as quickly as possible to use of the term 
kilocycles in referring to frequencies of radio sets. Although wave- 
lengths or corresponding frequencies can be calculated by the formulas 
oiven elsewhere in this manual, the use of this table eliminates laborious 


calculations and insures accuracy of results. 


every 10 meters. 
entirely reversible ; 








Table VIII. Kilocycles (ke) to Meters (m), or Meters to Kilocycles 


[Columns are interchangeable | 


keorm morke | keorm morke| kcorm morkc| kcorm morke| keorm mor ke 


10 29,982 510 587.9 |1,010 296.9 |1,510 1986 ]2,010 149.2 
20 14,991 520 576.6 11,020 293.9 |1,520 197.2 | 2,020 148.4 
30 © 9,994 530 565.7 |1,030 291.1 |1,530 196.0 | 2,030 147.7 
40 7,496 540 555.2 11,040 288.3 11,540 194.7 | 2,040 147.0 
50 5,996 | 550 545.1 |1,050 285.5 11,550 193.4 | 2,050 146.3 


60 4,997 560 535.4 11,060 282.8 |1,560 192.2] 2,060 145.5 
70 4,283 570 526.0 {1,070 280.2 }1,570 191.0 | 2,070 144.8 
80 3,748 580 516.9 |1,080 277.6 }1,580 189.8 | 2,080 144.1 
90 3,331 590 508.2 |1,090 275.1 11,590 188.6 | 2,090 143.5 
100 2,998 600 499.7 |1,100 272.6 }1,600 187.4 | 2,100 142.8 


110 2,726 610 491.5 |1,110 270.1 1,610 186.2] 2,110 1421 
120 3,499 620 483.6 ]1,120 267.7 |1,620 185.1 | 2,120 141.4 
130 2,306 630 475.9 |1,130 265.3 |1,630 183.9 | 2,130 140.8 
140 2,142 640 468.5 11,140 263.0 |1,640 182.8 | 2,140 140.1 
150 1,999 650 461.3 ]1,150 260.7 ]1,650 181.7 | 2,150 139.5 


160 1,874 660 454.3 |1,160 258.5 | 1,660 180.6 | 2,160 138.8 
170 §=61,764 670 447.5 |1,170 256.3 | 1,670 179.5 | 2,170 138.1 
180 1,666 680 440.9 |1,180 254.1 | 1,680 178.5 | 2,180 137.5 
190 1,578 690 434.5 |1,190 252.0 | 1,690 177.4 | 2,190 136.9 
200 1,499 700 428.3 |1,200 249.9 | 1,700 176.4 | 2,200 136.3 


210 1,428 710 422.3 1,210 247.8 |1,710 175.3] 2,210 185.7 
220 1,363 720 416.4 {1,220 245.8 ]1,720 174.3 12,220 185.1 
230 1,304 730 410.7 {1,230 243.8 ]1,730 173.3 | 2,230 184.4 
240 1,249 740 405.2 [1,240 241.8 ]1,740 172.3 | 2,240 1833.8 
250 1,199 750 399.8 11,250 239.9 ]1,750 171.3 | 2,250 183.3 


260 1,153 760 394.5 {1,260 238.0 | 1,760 170.4 | 2,260 132.7 
270 =1,110 770 389.4 11,270 236.1 |1,770 169.4 | 2,270 132.1 
280 1,071 780 384.4 |1,280 234.2 11,780 168.4 | 2,280 131.5 | 
290 1,034 790 379.5 | 1,290 232.4 |1,790 167.5 | 2,290 130.9 
300 999.4 } 800 374.8 11,300 230.6 | 1,800 166.6 | 2,300 130.4 


310 967.2 | 810 370.2 {1,310 228.9 11,810 165.6 | 2,310 129.8 
320 967.9 | 820 365.6 11,320 227.1 | 1,820 164.7 | 2,320 129.2 
330 908.6 | 8380 361.2 }1,330 225.4 | 1,830 163.8 | 2,330 128.7 
340 881.8 | 840 356.9 |1,340 223.7 | 1,840 162.9 | 2,340 128.1 
350 856.6 850 352.7 {1,350 222.1 {1,850 162.1 | 2,350 127.6 


360 832.8 | 860 348.6 ]1,360 220.4 |1,860 161.2 | 2,360 127.0 
370 810.3 | 870 344.6 |1,370 218.8 |1,870 160.3 | 2,370 126.5 
380 789.0 | 880 340.7 }1,380 217.3 1,880 159.5 | 2,380 126.0 
390 768.8 | 890 336.9 |1,390 215.7 |1,890 1586] 2,390 125.4 
400 749.6 | 900 3838.1 |1,400 214.2 |1,900 157.8 | 2,400 124.9 


410 731.3 | 910 329.5 |1,410 212.6 | 1,910 157.0 | 2,410 124.4 
420 713.9 | 920 3825.9 11,420 211.1 | 1,920 156.2 | 2,420 123.9 
430 697.3 | 930 322.4 {1,430 209.7 | 1,930 155.3 | 2,430 123.4 
440 681.4 | 940 319.0 11,440 208.2 | 1,940 154.5 | 2,440 122.9 
450 . 666.3 | 950 315.6 |1,450 206.8 | 1,950 153.8 | 2,450 122.4 


460 651.8 | 960 312.3 {1,460 205.4 |1,960 153.0 | 2,460 121.9 
470 637.9 | 970 309.1 ]1,470 204.0 [1,970 152.2 | 2,470 121.4 
480 624.6 | 980 303.9 ]1,480 202.6 |1,980 151.4 | 2,480 120.9 
490 611.9] 990 302.8 |1,490 201.2 }1,990 150.7 | 2,490 120.4 
500 599.6 |1,000 299.8 {1,500 199.9 }2,000 149.9 | 2,500 119.9 


cn ee en i 
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Table VIII. Kilocycles (kc) to Meters (m), or Meters to Kilocycles Table VIII. Kilocycles (ke) to Meters (m), or Meters to Kilocyeles 
























arn A sa nN ee EE 


(Cont’d) | Columns are interchangeable | (Cont'd) [Columns are interchangeable | 

ae a Soe Se eh a 

ke orm mor kce\ke orm m or ke| ke orm m or ke\|ke orm nv or ke|ke or m m or ke ke orm morke| keorm morke| keorm morkec| kcorm morke| keorm m or kc 
2,510 119.5 |3,010 99.61) 3,510 85.42) 4,010 74.77) 4,510 66.48 5,010 59.84 |5,510 54.41 |6,010 49.89 |6,510 46.06 | 7,010 42.77 
2,520 119.0 [3,020 99.28] 3,520 85.18} 4,020 74.58) 4,520 66.33 5,020 59.73 15,520 54.82 {6,020 49.80 |6,520 45.98 | 7,020 42.71 
2,530 118.5 13,030 98.95)3,530 84.94) 4,030 74.40) 4,530 66.19 5,030 59.61 |5,530 54.22 |6,030 49.72 |6,530 45.91 | 7,030 42.65 
2,540 118.0 [3,040 98.62) 3,540 84.70} 4,040 74.21) 4,540 66.04 5,040 59.49 15,540 54.12 16,040 49.64 16,540 45.84 | 7,040 42.59 
2,550 117.6 13,050 98.30] 3,550 84.46) 4,050 74.03) 4,550 65.89 5,050 59.37 |5,550 54.02 |6,050 49.56 |6,550 45.77 | 7,050 42.53 
2,560 117.1 13,060 97.98} 3,560 84.2214,060 73.85] 4,560 65.75 5,060 59.25 |5,560 53.92 |6,060 49.48 |6,560 45.70 } 7,060 42.47 
2570 116.7 |3,070 97.66] 3,570 83.98} 4,070 73.67) 4,570 65.61 5,070 59.13 |5,570 . 53.83 |6,070 49.89 |6,570 45.63 | 7,070 42.41 
2.580 116.2 {3,080 97.34| 3,580 83.75] 4,080 73.49) 4,580 65.46 5,080 59.02 |5,580 53.73 |6,080 49.31 |6,580 45.57 | 7,080 42.35 
2590 115.8 [3,090 97.03| 3,590 83.52/ 4,090 73.31) 4,590 65.32 5,090 58.90 [5,590 53.64 |6,090 49.23 |6,590 45.50 | 7,090 42.29 
2600 115.3 |3,100 96.72|3,600 83.28] 4,100 73.13] 4,600 65.18 5,100 58.79 |5,600 538.54 |6,100 49.15 |6,600 45.43 | 7,100 49,23 
2610 114.9 |3,110 96.41] 3,610 83.05| 4,110 72.95] 4,610 65.04 5,110 58.67 [5,610 53.44 |6,110 49.07 |6,610 45.36 | 7,110 42.17 
2.620 114.4 |3,120 96.10] 3,620 82.82]4,120 72.77) 4,620 64.90 5,120 58.56 15,620 53.35 |6,120 48.99 |6,620 45.29 | 7,120 42,11 
2.630 114.0 |3,130 95.79|38,630 82.601 4,130 72.60] 4,630 64.76 5,130 58.44 15,630 53.25 16,130 48.91 | 6,630 45.22 | 7,130 42.05 
2,640 113.6 |3,140 95.48|3,640 82.37| 4,140 72.42) 4,640 64.62 5,140 58.33 15,640 53.16 16,140 48.83 | 6,640 45.15 | 7,140 41.99 
2650 118.1 |3,150 95.18]3,650 82.14|4,150 72.25| 4,650 64.48 5,150 58.22 15,650 58.07 |6,150 48.75 |6,650 45.09 | 7,150 41.93 
2660 112.7 |3,160 94.88]3,660 81.92| 4,160 72.07) 4,660 64.34 5,160 58.10 [5,660 52.97 |6,160 48.67 |6,660 45.02 | 7,160 41.87 
2670 112.3 13,170 94.581 3,670 81.70|4,170 71.90] 4,670 64.20 5,170 57.99 |5,670 52.88 |6,170 48.59 |6,670 44.95 | 7,170 41.82 
2,680 111.9 |3,180 94,28] 3,680 81.47]4,180 71.73] 4,680 64.06 5,180 57.88 |5,680 52.79 16,180 48.51 |6,680 44.88 | 7,180 41.76 
2.690 111.5 |3,190 93.99] 3,690 81.25|4,190 71.56| 4,690 63.93 5,190 57.77 |5,690 52.69 16,190 48.44 [6,690 44.82 | 7,190 41.70 
2700 111.0 |3,200 93.69] 3,700 81.03| 4,200 71.30| 4,700 63.79 5,200 57.66 |5,700 52.60 |6,200 48.36 |6,700 44.75 | 7,200 41.64 
2710 110.6 |3,210 93.40|3,710 80.81| 4,210 71,22). 4.710 63.66 5,210 57.55 |5,710 52.51 16,210 48.28 |6,710 44.68 | 7,210 41.58 
2.720 110.2 |3,220 93.11]3,720 80.60] 4,220 71.05] 4,720 63.52 5,220 57.44 [5,720 52.42 |6,220 48.20 |6,720 44.62 | 7,220 41.53 
2.730 109.8 |3,230 92.82|3,730 80.38] 4,230 70.88] 4,730 63.39 5,230 57.33 |5,730 52.32 |6,230 48.13 |6,730 44.55 | 7,230 ALAy 
2740 109.4 |3,240 92,543,740 80.17} 4,240 70.71) 4,740 63.25 5,240 57.22 |5,740 52.28 16,240 48.05 [6,740 4448 | 7,240 41.41 
2.750  -109.0 [3,250 92.25] 3,750 79.95] 4,250 70.55] 4,750 63.12 5,250 57.11 15,750 52.14 |6'250 47.97 |6,750 44.42 | 7,250 41.35 
2,760 108.6 {3,260 91.97] 3,760 79.74| 4,260 70.38] 4,760 62.99 5,260 57.00 |5,760 52.05 16,260 47.89 |6,760 44.35 | 7,260 41.30 
9770 108.2 |3,270 91.69] 3,770 79.53| 4,270 70.22| 4,770 62.86 5,270 56.89 |5,770 51.96 16,270 47.82 |6,770 44.29 | 7,270 41.24 
2.780 107.8 |3,280 91.41|3,780 79.32| 4,280 70.05| 4,780 62.72 5,280 56.78 |5,780 51.87 |6,280 47.74 |6,780 44.22 | 7,280 41.18 
2790 107.5 |3,290 91.13} 3,790 79.11] 4,290 69.89] 4,790 62.59 5,290 56.68 |5,790 51.78 16,290 47.67 |6,790 44.16 | 7,290 41.13 
2,800 107.1 |3,300 90.86] 3,800 78.90| 4,300 69.73| 4,800 62.46 5,300 56.57 |5,800 51.69 |6,300 47.59 |6,800 44.09 | 7,300 41.07 
2810 106.7 |3,310 90.58] 3,810 78.69| 4,310 69.56| 4,810 62.33 5,310 56.46 |5,810 51.60 |6,310 47.52 |6,810 44.03 | 7,310 41.02 
2,820 106.3 |3,320 90.31] 3,820 78.49| 4,320 69.40| 4,820 62.20 5,320 56.36 [5,820 51.52 16,320 47.44 16,820 43.96 | 7,320 40.96 
2.830 105.9 [3,330 90.04] 3,830 78.28] 4,330 69.24] 4,830 62.07 5,330 56.25 5,830 51.43 16,330 47.36 |6,830 43.90 | 7,330 40.90 
2840 105.6 [3,340 89.77| 3,840 78.08| 4,340 69.08] 4,840 61.95 5,340 56.15 |5,840 51.84 16,340 47.29 16,840 48.83 | 7,340 40.85 
2850 105.2 |3,350 89.50] 3,850 77.88| 4,350 68.92] 4,850 61.82 5,350 56.04 |5,850 51.25 |6,350 47.22 16,850 43.77 | 7,350 40.79 
2.860 104.8 [3,360 89.23|3,860 77.67 | 4,360 68.77| 4,860 61.69 5,360 55.94 |5,860 51.16 |6,360 47.14 |6,860 43.71 | 7,360 40.74 
2.870 104.5 |3,370 88.97|3,870 77.47 | 4,370 68.61| 4,870 61.56 5,370 55.83 [5,870 51.08 |6,370 47.07 |6,870 43.64 | 7,370 40.68 
2.880 104.1 [3,380 88.70]3,880 77.27| 4,380 68.45] 4,880 61.44 5,380 55.73 |5,880 50.99 16,380 46.99 16,880 43.58 | 7,380 40.63 
2890 103.7 |3,390 88.44] 3,890 77.07| 4,390 68.30] 4,890 61.31 5,390 55.63 |5,890 50.90 |6,390 46.92 16,890 48.52 | 7,390 40.57 
2,900 103.4 |3,400 88.18] 3,900 76.88| 4,400 68.14] 4,900 61.19 5,400 55.52 [5,900 50.82 |6,400 46.85 |6,900 48.45 | 7,400 40.52 
2,910 103.0 [3,410 87.92] 3,910 76.68| 4,410 67.99] 4,910 61.06 5,410 55.42 |5,910 50.73 16,410 46.77 |6,910 43.39 | 7,410 40.46 
2.920 102.7 | 3,420 87.67| 3,920 76.48| 4,420 67.83| 4,920 60.94 5,420 55.32 |5,920 50.65 |6,420 46.70 |6,920 43.33 | 7,420 40.41 
2930 102.3 |3,430 87.41| 3,930 76.29| 4,430 67.68] 4,930 60.82 5,430 55.22 |5,930 50.56 16,430 46.63 |6,930 43.26 | 7,430 40.35 
2940 102.0 |3,440 87.16| 3,940 76.10] 4,440 67.53| 4,940 60.69 5,440 55.11 |5,940 50.47 |6,440 46.56 [6,940 438.20 | 7,440 40.30 
2950 101.6 [3,450 86.90| 3,950 75.90| 4,450 67.38] 4,950 60.57 5,450 55.01 [5,950 50.39 |6,450 46.48 |6,950 438.14 | 7,450 40.24 
2,960 101.3 }3,460 96.65] 3,960 75.51| 4,460 67.22] 4,960 60.45 5,460 54.91 5,960 50.31 |6,460 46.41 |6,960 438.08 | 7,460 40.19 
2.970 100.9 |3,470 86.4013,970 75.52| 4,470 67.07| 4,970 60.33 5,470 54.81 |5,970 50.22 16470 46.34 16,970 43.02 | 7,470 40.14 
2980 100.6 |3,480 86.16] 3,980 75.33| 4,480 66.92| 4,980 60.20 5,480 54.71 |5,980 50.14 16,480 46.27 |6,980 42.95 | 7,480 40.08 
2,990 100.3 [3,490 85.91] 3,900 75.14| 4,490 66.78] 4,990 60.08 5,490 54.61 [5,990 50.05 |6,490 46.20 16,990 42.89 | 7,490 40.03 
3,000 99.94| 3,500 85.66| 4,000 74.96| 4,500 66.63| 5,000 59.96 5,500 54.51 |6,000 49.97 16,500 46.13 |7,000 42.83 | 7,500 39.98 
314 315 











(Cont'd) 


ke or ™ 
7,510 
7,520 
7,530 
7,540 
7,550 


7,560 
7,570 
7,580 
7,590 
7,600 


7,610 
7,620 
7,630 
7,640 
7,650 


7,660 
7,670 
7,680 
7,690 
7,700 


7,710 
7,720 
7,730 
7,740 
7,750 


7,760 
7,770 
7,780 
7,790 
7,800 


7,810 
7,820 
7,830 
7,840 
7,850 


7,860 
7,870 
7,880 
7,890 
7,900 


7,910 
7,920 
7,930 
7,940 
7,950 


7,960 
7,970 
7,980 
7,990 
8,000 
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m or ke| ke or m 


39.92 
39.87 
39.82 
39.76 
39.71 


39.66 
39.61 
39.55 
39.50 
39.40 


39.40 
39.35 
39.29 


39.24 | 


39.19 


39.14 
39.09 
39.04 
38.99 
38.04 


38.89 
38.84 
38.79 
38.74 
38.69 


38.64 
38.59 
38.54 
38.49 
38.44 


38.39 
38.34 


38.29 - 


38.24 
38.19 


38.14 
38.10 
38.05 
38.00 
37.95 


37.90 
37.86 
37.81 
37.76 
37.71 


37.67 
37.62 
37.57 
a7 202 
37.48 





8,010 
8,020 
8,030 


8,040 


8,050 


8,060 
8,070 
8,080 
8,090 
8,100 


8,110 


Table VIII. Kilocycles (kc) to Meters (m), 


[Columns are interchangeable | 


m or ke 


37.43 
37.38 
37.34 
37.29 
37.24 


37.20 
37.15 
37.11 
37.06 
37.01 


36.97 
36.92 
36.88 
36.83 
36.79 


36.74 
36.70 
36.65 
36.61 
36.56 


36.52 
36.47 
36.43 
36.39 
36.34 


36.30 
36.20 
36.21 
36.17 
36.12 


36.08 
36.04 
35.99 
35.95 
35.91 


35.86 
35.82 
35.78 
35.74 
35.69 


35.65 
35.61 
35.907 
35.52 
35.48 


35.44 
35.40 
35.36 
35.31 
35.27 








ke or ™ 
8.510 
8,520 
8530 
8,540 
8,550 


8560 
8570 
8,580 
8.590 
8,600 


8,610 
8,620 


8640 
8,650 


8.680 
8.700 


18,720 


8,730 
8,740 
8.750 


8,760 
8.770 
8,780 
8.790 
8.800 


8.810 
8.820 
8830 
8.840 
8,850 


8,860 
8.870 
8,880 
8.890 
8,900 


8,910 
8.920 
8.930 
8.940 
8,950 


8.960 
8.970 
8.980 
8.990 
9,000 


morke) keorm 


35.23 
35.19 
35.15 
35.11 
35.07 


35.03 
34.98 
34.94 
34.90 
34.86 


34.82 
34.78 
34.74 
34.70 
34.66 


34.62 
34.58 
34.54 
34.50 
34.46 


34.42 
34.38 
34.34 
34.30 
34.27 


34.23 
34.19 
34.15 


34.11 


34.07 


34.03 
33.99 
33.95 
33.92 
33.88 


33.84 
33.80 
33.76 
33.73 
33.69 


33.65 
33.61 
33.07 
33.04 
33.50 


33.46 
33.42 
33.39 
33.35 
33.31 





m or ke 


33.28 
33.24 
33.20 
33.17 
33.13 


33.09 
33.06 
33.02 
32.98 
32.95 


goo 
32.88 
32.84 
32.80 
Oat 


32.73 
32.70 
32.66 
32.62 
32.59 


32.50 
32.52 
32.48 
32.45 
32.41 


32.38 
32.34 
32.31 
32.27 
32.24 


32.20 
32.17 
32.14 
32.10 
32.07 


32.03 
32.00 
31.96 
31.93 
31.90 


31.86 
31.83 
31.79 
31.76 
B1if3 


31.69 
31.66 
31.63 
31.59 
31.56 




























or Meters to Kilocycles 


ke orm 
9,510 
9,520 
9,530 
9,540 
9,550 


9560 
9,570 
9,580 
9,590 
9,600 


9,610 
9 620 
9630 
9640 
9,650 


9,660 
9,670 
9 680 
9,690 
9.700 


9.710 
9.720 
9,730 
9,740 
9,750 


9,760 
9,770 
9.780 
9.790 


9,800 


9.810 
9 820 


m or ke 


31.53 
31.49 
31.46 
31.43 
31.39 


31.36 
31.33 
31.30 
31.26 
31.23 


BL20 
SL AT 
31.13 
31.10 
31.07 


31.04 
31.01 
30.97 
30.94 
30.91 


30.88 
30.85 
30.81 
30.78 
30.75 


30.72 
30.69 
30.66 
30.63 
30.59 


30.56 
30.53 
30.50 
30.47 
30.44 


30.41 
30.38 
30.35 
30.32 
30.28 


30.25 
30.22 
30.19 
30.16 
30.13 


30.10 
30.07 
30.04 
30.01 
29.98 








APPENDIX - VII 


INDUCTANCE-CAPACITANCE PRODUCT VALUES 





|. General 


a. The formula for d ini 
etermining the fre 
quency to w i 
containing inductance and capacitance will wera | eeesare 


159,000 
— VIC 
where: f is the frequency in cycles per second 


Li 
is = inductance of the coil in microhenries 
1s » s ° : 
é capacitance of the entire circuit in microfarads 


b. The | 
ae ae of inductance Z and capacitance C of the circuit de 
? uency at which the circuit i 
eee | ult 18 resonant, or in twne. 
ee - frequency there is a definite value of this ae (called the 
apc Seen product, or the ZC value) for which resonan 
en ce 
nee value is known, it 18 possible to determine the correct 
ao or inductance required for use with any value of capacitar 
. ae 
ae - pas in = to produce resonance at a given eae 
: e inductance or capacitance is kn si 
| das : own, the otl 
rah a a See ee ane Seemed : 
words, the LC value is divided by the known capacity, or en oe 
10Wn 


inductanee, and the ; 
quotient of the division i 
or capacitance. Denne tee ee dnere a aucune 


Thus: 
Inductance = _LC value _ 
Capacitance Capacitance = ane 
ctance 
2. Table IX 


Table IX gives the i 
nductance-capacit / 
1 | ance valwes neces 
seid at frequencies from 300 to 300,000 ee ea This 
= . ay be easily extended, as explained below. The jadact rf 
betes Pagar the capacitance is given in microfarads —— 
ple: Find the inductance of a coi 7 
| coll necessary t 
ee y to tune t - 
ante of 600 kilocycles (500 meters) with a tuning ca - 
microfarads capacitance. From the LC table. the eee 
: value 
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for this frequency is found to be 0.0704. Dividing this value by the 
given capacitance (0.00035) gives the result: 201 microhenries. 

Example: Find the capacitance of a tuning capacitor necessary to 
tune to a frequency of 1,500 kilocycles (200 meters) with the above 
coil of 201 microhenrys inductance. The LC value for this frequency 
is found (from the LC table) to be 0.01126. Dividing this DC value 
by the inductance (201) gives a result 0.000055 microfarads (or 59 
micromicrofarads). 

a. Consulting the LC table it will be noted that, as the frequency 
decreases, the LC value increases. If the frequency 1s divided by 10, 
the LO value must be multiplied by 100. This must be kept in mind if 
values beyond the range of the table are to be determined. 

Example: To determine the LC value for 2 kilocycles (2,000 cycles), 
the LO value for 2,000,000 cycles is taken from the table and the 
decimal point is moved six places to the right; 6330 is the correct 

alue. | 
3 st ig desired to check the results of the use of the LC table, it 
should be remembered that resonance occurs when the inductive react- 
ance is equal to the capacitive reactance. The frequency at which this 


occurs is the resonance frequency. 
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| 
| 
| 
| 
| 
| 


Le 








Table IX. Relation between wavelength in meters, frequency in kilocycles, and the 
product of inductance in microhenries and capacity in microfarads, required to 
produce resonance at these corresponding frequencies or wavelengths, 

(L % C constant). 




















W.L. | W.L. | Pole 
in fin ke. LxC in f in ke. Lxec in f in ke. LxC 

Meters | Meters Meters 
1 | 800,000 | 0.0000003 | 450 667 0.0570 740 405 0.1541 


2 | 150,000 | 0.0000111 | 460 652 0.0586 745 403 0.1562 
3 | 100,000 | 0.0000018 | 470 639 0.0622 | 750 400 0.1583 
4 | 75,000 | 0.0000045 | 480 625 0.0649 755 397 0.1604 
5 | 60,000 | 0.0000057 | 490 612 0.0676 | 760 395 0.1626 
6 | 50,000 | 0.0000101 | 500 600 0.0704 | 765 392 0.1647 
7 | 42,900 | 0.0000188 | 505 594 0.0718 70 390 0.1669 
8 | 37,500 | 0.0000180 | 510 588 0.0732 | 775 387 0.1690 
9} 33,333 | 0.0000228 | 515 5883 0.0747 780 385 0.1712 
10 | 30,000 | 0.00002%2 | 520 577 0.0761 785 382 0.1734 
20 | 15,000 | 0.0001129 | 525 572 0.0776 | 790 380 0.1756 
30 | 10,000 | 0.0002580 | 530 566 0.0791 795 377 0.1779 


40 7,500 | 0.0004500 | 535 561 0.0806 | 800 375 0.1801 
50 6,000 | 0.0007040 | 540 506 0.0821 805 373 0.1824 
60 5,000 | 0.0010140 | 545 551 0.08386 | 810 370 0.1847 
70 4,290 | 0.0018780 | 550 546 0.0852 | 815 068 0.1870 
80 3,750 | 0.0018010 | 555 541 0.0867 | 820 066 0.1893 
90 3,308 | 0.0022800 | 560 536 0.0883 825 364 0.1916 
100 3,000 | 0.00282 565 531 0.0899 730 o61 0.1939 


110 2,727 | 0.00841 =| 570 527 0.0915 835 309 0.1962 
120 2,000 | 0.00405 575 522 0.0931 - | 840 307 0.1986 
130 2,308 | 0.00476 580 517 | 0.0947 845 300 0.201 
140 2,143 | 0.00552 585 513 0.0963 | 850 308 0.203 
150 2,000 | 0.006383 590 509 0.0980 | 855 dol 0.206 
160 1,875 | 0.00721 595 504 | 0.0996 | 860 349 0.208 


170 1,764 | 0.00813 600 500 0.1013 865 347 0.211 
180 1,667 | 0.00912 605 496 0.1030 870 345 0.218 
190 1,579 | 0.01015 610 492 0.1047 875 343 0.216 
200 1,500 | 0.01126 615 488 0.1065 880 341 0.218 
210 1,429 | 0.01241 620 484 0.1082 | 885 339 0.220 
220 1,364 | 0.01862 625 480 0.1100 | 890 337 0.223 
230 1,304 | 0.01489 630 476 0.1117 | 895 335 0.225 
240 1,250 | 0.01621 635 472 0.1135 900 330 0.228 
250 1,200 | 0.01759 640 469 0.1153 905 dol 0.231 
260 1,154 | 0.01903 645 465 0.1171 910 330 0.233 


270 1,111 | 0.0205 650 462 0.1189 915 328 0.236 
280 1,071 | 0.0221 655 458 0.1208 920 326 0.238 


290 1,034 | 0.0237 660 455 0.1226 925 324 0.241 
300 1,000 | 0.0253 665 451 0.1245 930 323 0.243 
d10 968 | 0.0270 670 448 0.1264 | 935 o2l 0.246 
320 938 | 0.0288 675 444 0.1283 940 O19 0.249 
330 909 | 0.0306 680 441 0.1302 | 945 O17 0.251 
340 883 | 0.0325 685 438 0.1321 950 316 0.254 
300 857 | 0.0345 690 435 0.1340 955 314 0.257 
360 834 | 0.0365 695 432 0.1360 960 313 0.259 
370 811 | 0.0385 700 429 0.1379 965 oll 0.262 
380 790 | 0.0406 705 426 0.1399 970 309 0.265 
390 769 | 0.0428 710 423 0.1419 975 308 0.268 
400 750 | 0.0450 715 420 0.1439 980 306 _ 0.270 
410 732 | 0.0473 720 417 0.1459 985 305 0.273 
420 715 | 0.0496 720 414 0.1479 990 303 0.276 
430 698 | 0.0520 730 411 0.1500 995 302 0.279 


440 682 | 0.0545 735 408 0.1521 —|1000 300 0.282 
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900 


961 
1024 
1089 
1156 
1225 
1296 
1369 
1444 
1521 


1600. 


- APPENDIX -VIII 


SQUARES AND SQUARE ROOTS 


Mathematical table of squares and square roots 





10.4881 


10.5357 
10.5830 
10.6801 
10.6771 
10.7238 
10.7703 
10.8167 
10. 8628 
10.9087 
10.9545 








RO aun LRT a Ce 
NSS tance naa a eae 





APPENDIX IX 


BIBLIOGRAPHY 





|. Electricity and Magnetism 


TM 1-455, Electrical Fundamentals. 


War Department, Wash- 
ington, D. C. 


2. Radio Principles 


Basic Radio, by J. Barton Hoag. D. Van Nostrand Co., 
New York, N. Y. 


Elements of Radio, by Charles I. Hellman. D. Van Nostrand Co., 
{ne., New York N. Y. 


Fundamentals of Radio, edited by W. L. Everitt. Prentice- Hall, 
Ine., New York, N. Y. 


Riinioneneas of Radwo, by F. E. Terman. McGraw-Hill Book 
Co., Inc., New York, N. Y. 


Prncipies of Radio, by Keith Henney. John Wiley and Sons, 
Ine., New York, N. Y. 


Ine., 


The Radio Amateur’s Handbook. American Radio Relay League, 
West Hartford, Conn. 


The Radio Handbook. Editors and Engineers, Ltd., Santa 
Barbara, Calif. 


Radio Physics Course, by Alfred A. Ghirardi. Radio Technical 
Publishing Co., New York, N. Y. 


Dinder sanding Radi. by Watson, Welch, and Eby. McGraw-Hill 
Book Co., Inc., New York, N. 3 


3. Vacuum-tube Data 


Recewing Tube Manual and Transmitting Tube Manual. Both 
published by the R.C.A. Manufacturing Co., Inc., Camden, N. J. 


4. Advanced Radio Literature 


fadio Engineering, by F. E. Terman. McGraw-Hill Book Co., 
Inc., New York, N. Y. 


fiadio Engineering Handbook, edited by Keith Henney. McGraw- 
Hill Book Co., Inc., New York, N. Y. 


32! 











“APPENDIX X 


REVIEW QUESTIONS 


re 
Section I: 


1. In what way can the theory of radio transmission be compared 
to the action of a transformer ? 

2. What is the purpose of the transmitting antenna? 

8 What is the velocity of all radio waves? 

4. What is the waveleneth (in meters) of a radio signal with a 
frequency of 300,000 cycles? Of 1,500 kilocyeles? Of 300 megacycles? 

5. What is the frequency of a radio signal with a wavelength of 


5 meters? Of 50 meters? Of 600 meters? 


6. What frequencies are known as radio frequencies? Audio 
frequencies ? | 

7. What is the purpose of the receiving antenna? 

8. The simplest possible radio transmitter consists of what parts? 

9. Why are amplifiers required in radio transmitters? 

10. Why are amplifiers required for radio receivers? 


Section II: 

1. What is the difference between a series and a parallel eircult ? 

9. As the frequency is increased what happens to the reactance 
of an inductor? 

8 Will the insertion of an iron core in a coil increase or clecrease 
its inductance? | 

4. If two capacitors are placed in series, would the total capaci- 
tance be more or less than either one alone? 

5. What is meant by a permeability-tuned coil? 

6 If the distance between two plates is increased, what is the 
effect on its capacitance? | 

7. All electrolytic capacitors are polarized. What does this mean, 
and why are they polarized? 

8. Ag the frequency is decreased what happens to the reactance 
of a capacitor? 

9. What circuit element would be used in one branch of a parallel 
circuit to block direct current but allow the passage of alternating 


eurrent? | 
10. What circuit element would be used in one branch of a parallel 
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cireuit to block alternating current but allow the passage of direct 
current ? 


Section IIT: 


1. What is selectivity? What can affect the selectivity of a tuned 
circuit ? 4 

2.. What indication can be used to show when a series-tuned cir- 
cuit is at resonance? What indication can be used to show when a 
parallel-tuned circuit is at resonance? 

3. When is the impedance of a series-tuned circuit lowest? When 
is it highest? 

4. What is the phase relation of current and voltage in a ¢a- 
pacitor? In an inductor? | 

5. Is the voltage very high or very low across either the capacitor 
or the inductor in a series-tuned circuit when at resonance? Is the 
voltage very high or very low across the entire parallel-tuned circuit 
when at resonance? ) 

6. Is the line current through a parallel-resonant circuit maxi- 
mum or minimum at resonance? 

7. What is a tank circuit and how does it work? 

8. What is resistance coupling? What is impedance-capacitive 
coupling? 

9. Why is a blocking capacitor sometimes necessary in resistance 
coupling? 

10. What is the difference between a single-tuned transformer and 

a double-tuned transformer ? 


Section IV: 


1. What determines the amount of plate-current flow in a vacuum 
tube ? : 
2. What action takes place in a diode when an alternating cur- 
rent is placed upon its plate? What is the nature of the output wave? 
3. How does the grid control the flow of electrons in a triode? 
4. Name and describe three types of plate loads, and tell why 
it is necessary to have a plate load in an amplifier circuit. 
5. What effect will an increase in the negative grid voltage of 
a triode have on the amount of plate-current change with a given 
input ? 
6. Name and describe two methods of biasing the grid of a 
vacuum tube. 
7. What is meant by the term “plate resistance” ? 
8. What effect does the screen grid have on the plate-current 
flow in a tetrode? 
9. What effect does a suppressor grid have upon secondary 
emission ? 


323 











10. How does the grid of a variable-mu tube differ from that of a 
normal sharp cut-off tube? 


Section V: | 

1. When a diode is used as a detector, which component of the 
radio signal is removed by the process of detection ? 

9. Explain why a grid-leak detector is similar to a diode detector 
and one stage of amplification. 

8 Under what condition would plate current be at maximum in 
a erid-leak detector? | 

4. What would be the result if too strong a signal were applied 
to the grid of a grid-leak detector? 

5. Why is bias applied to the grid of a plate detector? 

6. What advantage does a plate detector have over a erid de- 
tector? What advantage does a grid detector have over a plate 
detector ? 

7, What is regeneration? 

8 What is the advantage of regeneration in a detector? 

9. Explain the difference between a regenerative detector and a 
heterodyne detector. 

10. What advantage does the vacuum-tube voltmeter have over 
other conventional types of meters? 


Section VI: 

1. What is the difference between the output of a voltage am- 
plifier and a power amplifier ? 

2. Why must the bias of a class A amplifier-tube be such that 
the tube operates over the linear portion of its Hg—Ip curve? 

38. How is distortion avoided in class B a-f amplifiers ? 

4. How does the bias for class AB operation compare with that 
for class A and class B operation? 

5 What are the bias requirements for class C operation? 

6. What type of plate load is used in a elass C r-f amplifier? 

7. What are some of the methods of coupling one amplifier stage 
to another? 

8 What may be the result of a leaky blocking capacitor? 

9 What method of gain control is generally used in r-f amplifier 
circuits? What is the usual method of controlling gain in an a-f 
amplifier ? 

10. What stages of a receiver are generally controlled by auto- 
matic volume control? 


Section VII: 
1. In a tuned r-f receiver, what is the purpose of the r-f stages? 
9. Why are pentodes and tetrodes more suitable in r-f amplifiers 
than triodes? 








What are two common methods of band spread? 

What is meant by decoupling and why is it necessary? 
How is decoupling accomplished? 

What type of detectors are usually used in t-r-f receivers? 
Describe some methods of volume control. | 

Why is shielding necessary in a receiver? 

What is meant by. band switching? 

10. How may delayed automatic volume control be obtained? | 
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Section VIII: 


1. How does the superheterodyne receiver overcome the disad- 
vantages of the tuned r-f receiver? 

29. How is the intermediate frequency obtained? 

3. What are the functions of a frequency converter? 

4. Describe three methods of frequency conversion. 

5. Describe the normal operation of a pentagrid converter in a 
circuit where no separate local-oscillator tube is used. Explain the 
kind of frequency waves likely to be found on each of the grids 
of such a pentagrid-converter tube. 

6. What is the function of a padder capacitor and where is it 
placed in a superheterodyne circuit? 

7. What two methods are used to tune i-f transformers? 

8 What is the advantage of using a crystal filter? 

9. Which of the two types of amplifiers, r-f or i-f, is more efficient? 
Why? 

10. What stage must be added to an ordinary superheterodyne 
receiver so that it will detect c-w signals? Why? 


Section IX: 


1. Name three classes of power supplies commonly employed to 
supply electrode voltages for vacuum tubes. | 

2 What are the four basic components of any power supply 
which is operated by alternating current? 

9 Differentiate between a half-wave and a full-wave rectifier, and 
explain the advantages of one over the other. 

4. Explain the purpose and operation of a power-filter circuit. 

5. For a given applied (input) voltage, which type of power filter 
gives the higher output voltage, a capacitor-input or choke-input 
filter ? 2 

6. Explain the purpose of a bleeder. . 

7. Explain what is meant by the term “ripple voltage.” 

8. Why is it necessary that the ripple voltage in the output of 
a power supply be as low as possible? 

9. What is the function of the vibrator in a vibrator type power 


supply? 
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10. Name two types of vacuum-tube rectifiers, and explain how 
they differ from each other. | 


Section X: 


1. What are the basic requirements of a vacuum-tube oscillator? 

9. What tests can be made on an oscillator to determine if it is 
oscillating ? 

38. How is feedback obtained in a Hartley oscillator? How is 
feedback obtained in a Colpitts oscillator? How is feedback obtained 
in a tuned-plate tuned-grid oscillator? 

4. What is meant by a series-fed oscillator? What is meant by a 
shunt-fed oscillator? 

5. In what respect does a Colpitts oscillator differ from a Hartley 
oscillator ? 

6. How can frequency multiplication be obtained with an electron- 
coupled oscillator? 

7. What is the piezo-electric effect? Upon what main factor 
does the mechanical resonant frequency of a crystal depend ? 

8. Why is a erystal-controlled oscillator stable? 

9. What is the advantage of an AZ-cut crystal over an X- or 
Y-cut? 

10. What is the chief advantage and disadvantage of the Pierce 
oscillator? How is feedback obtained in the Pierce oscillator? 


Section XI: 

1. For what reasons is an oscillator alone not entirely suited to 
serve as a transmitter? 

2. How does the tank circuit serve to create a sine-wave output 
from plate-current peaks? 

38. What are some of the advantages of a master-oscillator, power- 
amplifier circuit? 

4. How is self-biased developed across the grid-bias resistor? 

5. What will happen in a grid-resistor-biased amplifier if excita- 
tion to it 1s removed? 

6. What indications determine when a stage is properly tuned? 

7. What is the reason for neutralization? What are some of the 
methods of neutralization? How is neutralization accomplished in 
each type? | 

8. What are parasitic oscillations, and how are they eliminated ? 

9. Why is it best to operate a frequency multiplier as a class C 
stage? What three conditions must be present for efficient production 
of harmonics? 

10. What are some of the keying methods used in transmitters? 


Section XII: 
1. What is meant by the term “amplitude modulation” ? 
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2. What is the purpose of a speech amplifier in a transmitter? 

3. Is it necessary for the modulator of a plate-modulated trans- 
mitter to be a power amplifier? Why? 

4. Between what two values must the instantaneous plate voltage 
of a plate-modulated r-f amplifier swing for 100-percent modulation? 

5. Why is the term “constant current” applied to the type of\ 
plate modulation which uses an iron-core choke to develop the audio 
voltage? | 

6. What is meant by the term “percentage of modulation”? 

7. When using plate modulation, what class of r-f amplifier 18 
modulated? Why? 

8. Explain what is meant by the term “side bands.” 

9. What are the effects of over-modulation? 

10. Why does a plate-modulated class C r-f amplifier require such 
a large exciting voltage on the grid? 


Section XIII: 


1. Explain why the power output of an f-m transmitter is con- 
stant when modulated. 
9. What is the purpose of a limiter? Why is a limiter not used in 
amplitude modulation? 
3. What is meant by the term “deviation”? What is the difference 
between deviation and carrier swing? 
4. In what way is the discriminator in frequency modulation 
similar to the detector in amplitude modulation? 
5. What determines the rate of deviation in an f-m transmitter? 
What is the separating band between adjacent f-m channels called ? 
6. Why is a stabilization circuit necessary m the reactance-tube 
method of frequency modulation? Is the use of a crystal oscillator 
practical in the reactance-tube system of modulation? What is the 
basic principle behind the operation of the reactance-tube modulator? 
7. How much power must the modulator add to the carrier power? 
Explain. 
8. Define the term “resting frequency.’ 
9. Name and explain the circuit which prevents noise from being 
heard when no signal is present. Does the use of this circuit offer any 
direct technical assistance to the radio operator? 
10. In what way is frequency modulation superior to amplitude 
modulation for Army communication? 


? 


Section XIV: 


1. A given antenna is too short for the frequency at which it 
is to be used. What can be added to the antenna to make it resonant 
to the proper frequency ? 
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2. What is the approximate impedance at the center of a Hertz 
antenna when it is resonant? When it is not resonant? 

8. Is a Marconi antenna usually fed at a point of high or low 
impedance? What is the electrical length of a Marconi antenna? 

4. What is the advantage gained by the use of a single-wire 
resonant feeder over other types of feed? What is the disadvantage 
of using a single-wire resonant feeder over other types of feed? How 
may this disadvantage be minimized? 

5. What is the advantage of using a Marconi antenna for a mobile 
transmitter? If a Marconi antenna is installed in a scout car, would 
a ground or counterpoise be used? 

6. Describe the construction of a section of coaxial cable. 

7. Why is it not good practice to connect an antenna directly to 
the plate tank circuit of a transmitter? Give two reasons. 

8. Which, in general, is more useful for communication over ex- 
tremely long distances, the ground wave or the sky wave? 

9. What is the difference between a resonant and a nonresonant 
feeder system? Describe two examples of each type of feeder system. 

10. Give the reasons for properly matching the impedance of trans- 
mission lines both at the transmitter and antenna ends. 


Section XV: 


1. What are the upper and lower frequency limits of the v-h-f 
band? What are these limits in terms of wavelength? 

2. Are sky waves put to any normal practical use in the trans- 
mission and reception of v-h-f signals? . 

3. Describe the path taken by a direct ray in traveling from the 
transmitter antenna to the receiver. 

4. What is line-of-sight, or optical distance, as applied to v-h-f 
radiations ? 

5. Why does distributed inductance and capacitance in certain 
v-h-£ components upset the normal operation of the circuit? Is it 
necessary to make any change in the circuit to compensate for dlis- 
tributed inductance and capacitance, or should the faulty com- 
ponents be removed? 

6. State three distinct uses of transmission lines at very-high- 
frequencies. 

7. Define and explain what is meant by skin effect. 

8 Name and describe briefly three different types of receivers 
suitable for operation in the v-h-f band. 

9. What is the purpose of the converter stage in a v-h-f super- 
heterodyne receiver? 

10. Can the direct ray from a v-h-f transmitting antenna be received 
beyond the horizon? Explain why this is possible. 
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Section XVI: 


1. Name all the components of a cathode-ray tube electron gun, and 
describe the effect of each element on the stream of electrons. What is 
the general purpose of an electron gun? 

2. If all deflection plates were removed from a cathode-ray tube, 
would the electron gun continue to emit a narrow beam of 
electrons? Why? 

3. If the same a-c waveform is applied to both the horizontal and 
vertical deflection plates of a normal oscillograph at the same time, 
what will be the resultant figure, as viewed on the screen of the tube? 

4. Why is a linear saw-tooth sweep voltage necessary in radio work? 

5. What is meant by the trace of an oscillograph cathode-ray tube? 

6. Explain briefly the method of generating a saw-tooth sweep 
voltage for use with a typical oscillograph unit. 

7. What is the fundamental difference between a normal triode 
vacuum tube and the triode tube used in a sweep-circuit oscillator? 

8. What determines the frequency of a saw-tooth, sweep-cireuit 
oscillator? How can this frequency be conveniently varied ? 

9. Why ig it necessary to have two separate amplifiers for the 
horizontal and vertical deflection plates of a cathode-ray oscillograph ? 

10. Explain the electrical operation of the electron-ray, tuning- 
indicator tube in a receiver employing automatic volume control when 
no signal is being received in the r-f stages; when a strong slenal 
is being received in the r-f stages; and when the a-v-c lead to the 
electron-ray tuning indicator is disconnected. 
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